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I FOREWORD

I This report was prepared for the Department of the Air Force,

Space and Missile Systems Organization (SAMSO), in compliance

with conditions of Contract No. F04704-78-C-0027, CDRL Item

005A2. It presents geological, geophysical, and geotechnical
data and evaluations on the suitability of an area in southwest-
ern Arizona. This study area is an alternate siting area for
the MX Land Mobile Advanced ICBM System.

This is the first report of Verification studies for the

Arizona study area. The objective of the Verification studies

is to verify the suitability of sufficient area for deployment

of the MX system. The Verification studies are the final phase

of a site-selection process which was begun in 1977. Previous;phases have been termed Screening, Characterization, and Rank-
ing. In preparing this report, it has been assumed that the
reader is familiar with these previous studies.

In this report, discussions are limited to the hybrid trench and
vertical shelter basing modes. In most cases, the discussions
and data for hybrid trench also apply to the horizontal shelter

I since the depth of excavation is about the same. In particu-
lar, suitable area for the hybrid trench will also be suitable
for the horizontal shelter.

This report consists of two volumes:

* Volume I - Sections 1.0 and 2.0 contain Introduction and
Results and Conclusions. Sections 3.0 and 4.0 contain summary
geotechnical discussions for La Posa and Butler CDPs, respec-
tively. Volume I also includes Geotechnical Data for La Posa
CDP.

Volume II - Geotechnical data for Butler CDP.

I

* This volume is presented herein.

i
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1.0 INTRODUCTION

1.1 PURPOSE AND BACKGROUND

This report presents t'e results of a geotechnical Verification

Investigation which has been conducted during the 1979 fiscal

year within southwestern Arizona (Figure 1-1). A Verification

Investigation was also conducted in portions of Nevada and Utah;

the results were presented in a separate report (FN-TR-27).

Verification is the final phase of a site selection process

which was begun in 1977 to identify several regions, each con-

taining between 6000 and 7300 mi 2 (15,500 and 18,900 km2 ),

which will be "suitable" (see Appendix Section A2.0 for cri-

teria) for deploying the MX Advanced Intercontinental Ballistic

Missile System.

Preceding phases of the site selection process were:

1. SCREENING: Nationwide literature and map studies to iden-

tify potentially suitable areas based on a set of geotechni-

cal, cultural, and environmental criteria. The study was

conducted in three phases: Coarse, Intermediate, and Fine.

j. At the completion of the Fine Screening phase, approximately

74,000 mi 2 (192,000 km 2 ) of area had been identified as

, potentially suitable in seven states in the southwestern

* United States.

2. CHARACTERIZATION: Field studies In representative areas,

in combination with more detailed literature and map stud-

ies, to better define the geotechnical conditions and

T"0810 NATIONAL, INO.
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3

refine the boundaries of suitable areas that had been

identified during the screening studies.

3. GEOTECHNICAL RANKING: A geotechnical comparison of seven

candidate siting regions, based on the relative cost of

geotechnically related construction items. The rankings

were performed for the hybrid trench, vertical shelter,

and horizontal shelter basing modes.

The schedule of these studies is shown in the following dia-

gram which also identifies the Fugro National technical report

for each.

1977 1978 1979 1980

Coarse Screening, FN-TR-16

Intermediate Screening, FN-TR-17

Fine Screening, FN-TR-24

Characterization, FN-TR-26

*** g Ranking, FN-TR-25

Verification, FY 79

Verification, FY 80 - .....-- j

The intent of the Verification phase is to refine and improve

confidence levels in the boundaries of suitable areas that were

determined from the previous site selection programs. In

contrast to these previous programs that were based primarily

on published information, the Verification studies are based on

field investigations. These studies have concentrated on

refining the boundaries of the suitable area and obtaining

geotechnical data for preliminary engineering design use prior

1IU.. NATIONAL, ONO.
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to site-specific studies. The design and scope of the Verifica-

tion studies are based on the results of the Geotechnical

Ranking which pointed out the geotechnical factors that have the

greatest influence on construction costs.

Additional geotechnical programs were conducted in the Arizona

area prior to and simultaneous with the geotechnical screening

program. The most notable of these programs, the Geotechnical

Methodology Studies, was conducted in Mohawk-Tule Valley

(Fugro TR-18), Lechuguilla Desert (Fugro TR-19), and San Cristo-

bal Valley (Fugro TR-WR), which are part of the Luke Bombing and

Gunnery Range located east of Yuma, Arizona (see Figure 1-1).

The principal objective of these studies was the evaluation of

geotechnical techniques to be used In site-specific MX studies.

Additionally, data were collected in three sites during the

Arizona Characterization Program which led to an evaluation

. of their suitability for MX. These sites were: Ranegras

and Aguila (Fugro TR-26d) and Sacramento (Fugro TR-26e) (Fig-

ure 1-1).

1.2 OBJECTIVES FY 79

The FY 79 geotechnical Verification studies in the Arizona study

area have two major objectives:

1. Verify and refine the boundaries of the suitable areas In

two CDPs for vertical shelter, horizontal shelter, and

hybrid trench basing modes.

2. Provide preliminary physical and engineering characteristics

of the soils.

TnaON S um

. . ... -, - &
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1.3 STUDY APPROACH AND SCOPE

1 1.3.1 Study Approach

Verification studies conducted in the Arizona study area dif-

fered from those undertaken in the Nevada-Utah study area in

that only two Verification sites were studied and no recon-

naissance was performed in the remaining areas.

Studies in these two sites, when combined with studies from

I previous programs in the Arizona siting area, will account for

nearly 40 percent of the available suitable area. More Verifi-1 | cation studies and/or reconnaissance could be conducted at a

later date to make the program in the Arizona study area similar

to that conducted in Nevada-Utah.

The Arizona study area was divided into 21 Candidate Deployment

1 iParcels (CDPs). CDPs are discrete geographic units devised

for organization and management of geotechnical, environmental,

4 I and cultural data collected during FY 79. CDPs in themselves

! | do not imply final boundaries or areas for MX deployment.

The suitable area within each CDP, prior to the Verification

studies, typically varied between 200 and 500 mi 2 (520 and

1300 km2 ). La Posa and Butler CDPs were selected for study on

I the basis of providing data on a representative geographic and

geotechnical basis for the Arizona study area.

The Verification studies consisted of a combination of geologic,

geophysical, and soils engineering investigations designed to

determine those parameters required for defining suitable area

and to obtain basic information about the geotechnical character-

) istics of the basin-fill ,A field program is shown
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schematically in Table 1-1. The parameters which were evaluated

are shown as column headings and the applicable investigative

techniques are listed below. The techniques are described in

detail in the Appendix.

Prior to starting field studies, a program plan was developed,

logistics were planned, and photogeologic interpretations were

initiated. Access was arranged through the Phoenix district

office of the Bureau of Land Management (BLM). At the request

of the BLM, all field activities were performed along existing

roads or trails to minimize site disturbance. Archaeologic and

environmental surveys were performed at each proposed activity

location. Activity locations were changed in those few in-

stances where a potential environmental or archaeological

disturbance was identified.

I 1.3.2 Scope

j Table 1-2 lists the types and number of activities that were

performed in the Verification sites. In the Appendix, the

* geotechnical techniques are discussed in detail. Figure 1-1

lists the number of activities that were performed in each

. Verification site.

! Field work was performed between 19 February and 14 March 1979.

The total field time in Arizona during FY 79 was approximately

20 days.

1.4 ANALYSIS OF SUITABLE AREA

The interpretations of suitable area are derived from several

sources as explained in the following sections.

•IIUU NATIONAL, ONO.
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OBJECTIVES J VERIFICATION OF INTERMEDIATE/FINE SCREENING

DATA FOR EVALUATIONS TERRAIN PARAMETERSDEPTH TO ROCK

FIELD TECHNIQUES AND g Geologic mapping Geologic mapping
APPLICATIONS

* Identification and limits - Surface limits of rock

of areas with slopes greater

than 10% grade * Subsurface limits of rock
from topographic and

- Identification and limits geologic interpretation

of areas with high incidence

of 10% slopes (rolling * Geomorphic expression and
terrain) erosion history

Seismic refraction surveys

* Subsurface projection of

rock limits

* Delineation of rock from
high ("7000 fps) p-wave
velocities

Borings

-Occurrence of rock

Gravity profiles (OVA)
Overall basin shape snd

relationships

nRage-bounding faults

Existing data

Published literature

t
- 10 AWe.7e
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[50' 150  EXTENT AND GEOPHYSICAL PROPERTIES i ROAD BE
DEPTH TO GROUND WATER CHARACTERISTICS OF SOILS

Existing data Geologic mapping Seismic retraction surveys Tfenches. ti
Suficial s

k Available well records and * Extent of surficlal soil * Compressional wave

interpretation units velocities * Identificai

rock

Bnrings Surticial soil types Electrical resistivity In situ so
o Occurrence of ground water Borings surveys moisture

and * Electrical conductivity of *Thickness 0
Electrical resistivity' -Identification of subsurface soils surfi iaI

seismic refraction surveys soil types
VI 5 Leyering of soil Cone penetrO

• Provide supplemental data * In :itu soil density and

of to support presence er consistency * In situ so
absence of ground water

a Samples for laboratory 
* Thickness

from Geologic mapping testing surficial

eve

* Obtain water depths frem Trenches, test pits, and Laboratory
wells encountered in field surficial samples

0 Physical
* Identification of surface
and subsurface soil types * Compacties

* Degree of induration and 0 Suitabili
cementation of sells as road

er base
' In situ moisture and density

of soils Existing da

* Samples for laboratory * Suitabili

testing as fred

Cone penetrometer tests er base

Behavior

*In situ soil strength

Laboratory tests

• Physical properties

* Engineering properties -

shear strength,

compressibility

* Chenical properties
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ISTICS OF BASIN FILL 1 = RECOMMENDATIONS FOR
I FUTURE VERIFICATION

STUDIES

iES ROAD DESIGN DATA EXCAVATABILITY

rveys Trenches, test pits, and Borings
Surficial samples •* Subsurface soil types

* Identification of soil types
* Presence of cobbles and

In situ soil density and boulders

M i lure In situ density of subsurface

Ity of * Thickness of Iow-strength Sol Is

surflial soil
* Stability of vertical walIls

Cone penetrometer tests Trenches and test pits

0 In Situ Soil strenth
* Subsurface soil types

* Thickness of lew-strength

surfic~al soils * Subsurface soil density and
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Laboratory tests
* Stability of vertical walls

" Physical prpert ies Thickness of low-strength

" Compaction and CDR data surficlal soils

• Suitability of sells for use Presence of cobbles and boulders

as read subgrede, subbase Laboratory tests
of base

Existing data - Physical properties,

* Engineering properties
* SuitabilIty ol sells for uS.

IS lead subgrade, sibbie" . Geologic mapping
or base

Behavior eo compacted sells Distribution of soil types

Seismic refaction surveys

E xcavatability
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ACTIVITIES

TECHNIQUE Average Total REMARKS APPENDIX
Number for Two REFERENCE*

Per Site Sites

Geologic Mapping Reconnaissance mapping A3.0
(Stations) 76 153 performed in Verification

sites only

Seismic Refraction Seismic refraction survey A4.1
Measurements 18 35 and electrical resistivity

sounding performed in
parallel at each location

Electrical Resis-
tivity Soundings 16 33 A4.2

Gravity Surveys ** ** Field surveys to be per- A4.3
formed by Defense Mapping
Agency (DMATC)

Borings 6 11 Rotary wash to 160 feet A5.1

Trenches and 5 10 Excavated with a backhoe A5.2
Test Pits 26 53

Cone Penetrometer Truck-mounted, electronic A5.3
Tests (CPT) 66 133

Laboratory Tests - - See CDP sections for A5.6
listing of lab tests

Notes: * Detailed descriptions of these tasks are included in the specified
Appendix.

•* Data not available for this report

GEOTECUNICAL ACTIVITIES

VERIFICATION :TUDIEU
ARIZONA

MX SITING INVESTIGATION I
DEPARTMENT OF TNE AIR FORCE - SAUSO 1 -2

_ _--_ _ _ _ O NATIONAL, I C.

..... . ..S. . .. .' . . .73, • - :
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1.4.1 Depth to Rock

* In the Verification sites, 50- and 150-foot depth to rock con-

tours were estimated and are shown on the Depth to Rock maps of

the La Posa and Butl-r CDPs. The locations of the contours are

based on the limited boring and geophysical data in combination

with geologic interpretation. The interpretation considers the

presence or absence of range-bounding faults, bedding plane

attitudes, evidence of erosional features such as pediments, and

the presence or absence of young volcanic rocks.

1.4.2 Depth to Water

Ground-water contours are based on published well-point data

most of which is fairly recent. The density of data is variable

and only where there is a good density of data can ground-water

contours be drawn with a relatively high degree of confidence.

The limited number of borings and geophysical surveys conducted

during the Verification studies did not encounter evidence of

shallow ground water to the depths investigated.

1.4.3 Terrain

During screening studies, areas were excluded because of unsuit-

able terrain. The major exclusion criterion was a maximum per-

missible grade of 10 percent. Existing topographic maps do

not show terrain conditions with sufficient detail to make an

accurate evaluation of suitability.

To provide preliminary information about terrain conditions,

terrain maps have been produced and are presented in the in-

dividual CDP discussions. These "interpretive" maps are based

IIU" NATIUAL. IlM,
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I
on an evaluation of existing maps, field observations, and

I the distribution of geologic units. They will provide the

reader with a preliminary assessment of terrain conditions

Iprior to the production of more detailed topographic maps.

j 1.5 ANALYSES OF BASIN-FILL CHARACTERISTICS

In addition to the primary objective of refining the boundaries

of suitable areas, a secondary objective was to provide pre-

liminary physical and engineering properties of the basin-fill

materials. These data will be used for preliminary engineering

I design studies, will assist in planning future site-specific

studies, and will be used by other MX participants.

The scope of activities to define engineering properties has

been designed primarily to obtain information needed for con-

struction activities. Particular emphasis has been placed on

the surficial soil conditions as related to road construction,

a major cost item. Moderate emphasis has been placed on soil

conditions in the upper 20 feet (6 m) since this would be the

i approximate depth of excavation for the trench or horizontal

shelter concept. Limited data have been obtained from borings

drilled to a depth of 160 feet (49 m), which is the depth of

interest for the vertical shelter basing mode. The spread on

seismic refraction lines was also designed to obtain information

to 150-foot (46-m) depth.

To assist in determining the distribution of surficial soils,

a surficial geologic map has been prepared. It is based on

the interpretation of aerial photos and field mapping. Other

T "S NATIGNAL, INUa.
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data used to define surficial soil conditions include surficial

I soil samples, test pits, trenches, and cone penetrometer tests.

Samples obtained at these activity locations were tested in the

laboratory to determine physical and engineering properties.

The cone penetrometer tests provided a means of measuring

in-situ soil properties.

Data obtained from test pits, trenches, borings, seismic refrac-

tion lines, and laboratory tests were used to estimate soil

properties to a depth of 20 feet (6 m). Since most test pits

were excavated to a depth of only 5 feet (1.5 m), the amount of

data collected below a depth of 5 feet is, typically, lirtited

to that obtained from five trenches and five to six borings.

These ten to 11 data points represent a very small percentage

of the total area in a typical Verification site (300 mi 2 ;

780 km 2 ). Thus, the range of properties presented in the

report may be subject to revision.

In discussing the soil parameters between a depth of 20 and

160 feet (6 and 49 m), the data are limited to that obtained

from the five to six borings that were drilled within each

Verification site. Considering that the typical spacing

between borings was 5 to 7 miles (8 to 11 km), the data pre-

sented should not necessarily be considered as representative

of an entire CDP.

L-m0m0 NATIONAL, 
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I
1.6 REPORT ORGANIZATION AND DATA PRESENTATION

1.6.1 Report Organization

Results of the Verification studies in the Arizona study area

are contained in two volumes.

Volume I. Sections 1.0 and 2.0 contain Introduction and Re-

sults and Conclusions; Sections 3.0 and 4.0 contain summary

geotechnical data for La Posa and Butler CDPs, respectively.

Specific topics included within Sections 3.0 and 4.0 are:

o Geographic Setting
o Scope (of site studies)
o Geologic Setting
o Surface Soils (Characterization)
o Subsurface Soils (Characterization)
o Terrain
o Depth to Rock
o Depth to Water
o Results and Conclusions (Suitable Area and Construction

Considerations)

The Appendix included with Volume 1 contains a glossary of

terms, exclusion criteria, and details of the field and office

techniques used in the Verification program.

Volume 1 also contains detailed geotechnical data for the

La Posa CDP.

Volume II. This volume contains detailed geotechnical data for

Butler CDP. It is similar to the data for La Posa CDP which is

included in Volume 1. The geotechnical data sections contain

detailed logs of all the field and laboratory activities per-

taining to the CDP.

T g NKI NATIONAL, 
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1.6.2 Data Presentation

I1.6.2.1 Maps

A suitable area map (Drawing 2-1 in pocket) for the Arizona

study area is presented in Section 2.0. It shows the suitable

area for the hybrid trench and vertical shelter basing modes as

determined from FY 79 Verification field studies.

In Volume I, Sections 3.0 and 4.0 contain six maps that display

the pertinent data for each Verification site. All of these

foldout maps are at a scale of 1:125,000. The order in which

these maps appear is listed below and includes the drawing

number (the X should be replaced by the appropriate Section

number).

o Activity Locations - Drawing X-1

o Surficial Geologic Units - Drawing X-2

o Terrain - Drawing X-3

o Depth to Rock - Drawing X-4

o Depth to Water - Drawing X-5

o Suitable Area, Hybrid

Trench and Vertical Shelter - Drawing X-6

Drawings X-3, X-4, and X-5 present the data which were used

to determine the boundaries of the suitable area shown in

Drawing X-6.

1.6.2.2 Tables and Figures

Most of the tables and figures are included in the individual

CDP sections. The following tables are included in each:

TOGNATIONAL. INU.
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o Scope of Activities - Table X-1

o Characteristics of Surficial Soils - Table X-2

o Thickness of Low-Strength Surficial Soil - Table X-3

o Seismic Refraction and Electrical Resistivity - Table X-4

o Characteristics of Subsurface Soils - Table X-5

The figures in each CDP section include a location map of the

Verification site, plots showing range in gradation of soils,

) and soil profiles.

I
I
i

I

I
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2.0 RESULTS AND CONCLUSIONS

2.1 SUITABLE AREA

At the start of the FY 79 Verification program, 318 mi2 in the

La Posa site and 311 mi2 in the Butler site (827 and 809 km2 )

were considered to be suitable based on the earlier Screening

studies. At the completion of the Verification studies, the

estimates of suitable area in the two sites were revised as

follows:

FY 79 SUITABLE AREA

Verification Trench mi 2  Vertical Shelter mi 2

Site (km2) (km2)

La Posa 300 (775) 230 (600)

Butler 245 (640) 225 (585)

These estimates are based on interpretations of suitable area

compiled on maps at a scale of 1:125,000. The boundaries of the

suitable area were digitized and inputted to a computer program

to calculate the area within the boundaries.

The total suitable area in the Arizona study area, as shown in

Drawing 2-1, encompasses approximately 10,410 m12 (26,962 km2 ).

Estimates of the suitable area covered in the Screening, Charac-

terization, Methodology and Verification studies are provided in

Table 2-1.

The earlier Methodology studies were based on extensive geologic

mapping, similar to the Verification studies. However, since

Screening and Characterization studies were based heavily on

literature and reconnaissance-level geologic mapping surveys,

4 
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P AHYBRID TRENCH (1) VERTICAL SHELTER

PROGRAM SITE mi2 (km2) i2 (km2

METHODOLOGY STUDIES MOHAWK-TULE 220 (570)
FY 77 LECHUGUILLA 430 (1114) (2)

SAN CRISTOBAL 470 (1217)

CHARACTERIZATION SACRAMENTO 660 (1709)
STUDIES FY 78 RANEGRAS 710 (1839) (2)

AGUILA 830 (2150)

VERIFICATION STUDIES LA POSA 300 (777) 230 (600)
FY 19 BUTLER 245 (635) 225 (585)

TOTAL 3865 (10,010)

REMAINING SUITABLE
AREA FROM SCREENING 6545 (16,952)

STUDIES FY 79

TOTAL 10,410 (26,962)

NOTES: (1) ALSO APPLICABLE FOR HORIZONTAL SHELTER

(2) AREA NOT DETERMINED FOR THESE SITES

ESTIMATED SUITABLE AREA
FY 79 VERIFICATION STUDIES

ARIZONA

MY SITING INVESTIGATION I
DEPAPTUENT OF THE AIR FOPCE SAMSO 2-1

AU l-01iE0 NATIONAL IO.-t 10 AUG 79
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respectively, changes in suitable area can be expected in those

areas. Changes in suitable area could also ocur in those areas

where field investigations have been made if more studies are

performed to refine rock and water contours.

All criteria applied to determine suitable area are listed in

the Appendix, Section A2.0. The three major criteria which have

affected suitable area boundaries are:

o 50 and 150 feet to rock;

o 50 and 150 feet to water; and

o adverse terrain.

2.1.1 Depth to Rock

In determining suitable area based on depth to rock, the fol-

lowing approach has been used. In the Verification sites,

limited subsurface information has been obtained and 50- and

150-foot (15- and 46-m) depth to rock contours have been inter-

preted. Studies in the two Verification sites have indicated

that loss of suitable area resulting from using the 50- or

150-foot depth to rock contours instead of the exposed rock

contact is variable, ranging from 10 to 18 percent of the total

area studied as shown in the following table:

La Posa Butler

50' rock reduction 10% 13%
150' rock reduction 14% 18%

In determining the location of rock contours in Verification

sites, the decision was made to select contours that reflect

projected depths to rock comparable to that exposed in the

T ne NATIONAL, INC.
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adjacent mountains. A seismic velocity greater than 7000 fps

(2134 mps) was not always used to define bedrock although it

was stated as a criterion in previous studies. It was dis-

covered that in a few instances soil-like materials have seismic

velocities between 7000 and 9000 fps (2134 and 2745 mps).

Seismic velocities were used as definite indicators of rock

when velocities were greater than 9000 fps.

In most cases, contours closely parallel the rock/alluvium

contacts. In areas of low relief rock and areas typified by

erosional morphology (pediments, embayed reentrants and rock

outliers), contours were more widely spaced to provide a more

conservative estimate of suitable area.

Some changes in suitable area based on depth to rock can be

expected as more field data are collected (if future field

studies are undertaken).

2.1.2 Depth to Ground Water

With the addition of data obtained in this study, the config-

uration ot ground-water contours changed slightly from previ-

ous Screening studies. For the most part, the contours were

slightly modified but this did not account for appreciable

net area changes. This is especially true for the trench

basing mode (50 feet; 15 m) in the La Posa site.

Sources and pertinent information regarding the data used to

compile the depth to water maps are located in Section 2.0 of

Geotechnical Data for each CDP.

-1" Ino NATIONAL, MO.
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2.1.3 Terrain

As could be expected, 1:62,500- and 1:24,000-scale topographic

maps did not have satisfactory resolution for the necessary

terrain evaluations (primarily drainage depth measurements).

Therefore, decisions regarding terrain suitability have been

based primarily on aerial photo interpretations and field

observations. The terrain criterion has had the greatest impact

on the loss of suitable area during the Verification program,

especially in the Butler site.

2.2 BASIN-FILL CHARACTERISTICS

2.2.1 General

Generalized characteristics of the soils in the Verification

sites are summarized in this section. They include soil types,

their physical and engineering properties, and strength charac-

teristics of surficial soils to provide information for pre-

liminary road design.

2.2.2 Surficial Soils

Surface soils are predominantly coarse-grained (granular)

consisting of sands and gravels. Fine-grained soils (silts and

clays) exist over limited portions of both sites. Gravels and

gravelly sands are the predominant surficial soils of the La

Posa Site, covering most of the southern two-thirds. Sands,

generally coarse to fine, are randomly distributed throughout

southern La Posa. Northern La Posa is covered by uniform,

poorly graded, fine to medium sands of eolian origin. Silts and

T ... WIATIENAL INS.
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clays are least common and occur as random pockets in coarse-

grained alluvial fan deposits.

* Sands, silty sands, 3nd clayey sands are the predominant surfi-

cial soils in the Butler site. Most sands are graded coarse to

fine and contain gravel traces; however, uniform, fine to medium

eolian sands are randomly distributed through western Butler.

Gravels and gravelly sands are generally restricted to alluvial

fans near mountain fronts. Silts and clays are least common,

occurring as isolated pockets in coarse-grained alluvial fan

deposits and in eastern Butler as exposed clay beds in older

lacustrine deposits.

2.2.2.1 Low-Strength Surficial Soil

Analysis of the results of cone penetrometer tests (CPTs) in

conjunction with the results of other engineering activities

revealed that "low-strength" surficial soil, which will perform

poorly as a road subgrade at its present consistency, exists in

both sites. Criteria were developed during the Nevada-Utah

Verificatio, studies to define low-strength soil using CPT

results (see Section A5.7 in Appendix for details). Using these

criteria, the extent of low-strength surficial soil in both

sites was estimated. The coarse-grained soils exhibit low

strengths to depths ranging from 0.3 to 10.9 feet (0.1 to 3.3 m)

with an average of 3.4 feet (1.0 m) below ground surface. The

fine-grained soils exhibit low strengths to depths ranging from

0.3 to 4.2 feet (0.1 to 1.3 m) with an average of 1.9 feet

(0.6 m).

T one NATIONAL, IO.
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2.2.2.2 Subgrade Support Strength

Results of laboratory California Bearing Ratio (CBR) tests on

surficial samples from the Nevada-Utah and Arizona sites

indicate that compacted coarse-grained soils will generally

exhibit moderate (CBR=l5 to 30) to high (CBR>30) CBR values

depending on amounts of gravels and fines in the soil. Ex-

ceptions were uniformly graded eolian sands of the La Posa site

with low (<15) CBR values. Fine-grained soils generally exhibit

low (<15) CBR values. Correlation between laboratory CBR and

percent fines for all sites (see Section A5.7 in Appendix for

details) indicates that CBR values for coarse-grained soils

increase with an increase in percent fines up to a certain limit

and then decrease gradually. Using this correlation, laboratory

CBR values of a soil can be estimated.

2.2.3 Subsurface Soils

Soils in the subsurface are predominantly coarse-grained, con-

sisting of sandy gravels, gravelly sands, sands, silty sands,

and clayey sands. Fine-grained soils (silts and clays) are

generally restricted to localized lenses in terrace or alluvial

fan deposits.

The coarse-grained soils are generally dense to very dense below

depths of 10 to 20 feet (3 to 6 m), are mostly poorly graded,

exhibit low compressibilities, and possess moderate to high

shear strengths. The fine-grained soils exhibit low to high

plasticity and generally contain appreciable amounts of fine

TI 
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sand. Intermittent calcium carbonate cementation exists in the

subsurface soils.

The soils in the construction zone (120 feet; 37 m) have a wide

range of seismic velocities (1130 to 9350 fps; 344 to 2850 mps),

depending on their composition, consistency, and cementation.

Soils in the upper 50 feet (15 m) may have electrical conduc-

tivities ranging from 0.0019 to 0.0487 mhos per meter (Fine

Screening criteria; electrical conductivity of soil should

be greater than 0.004 mhos per meter). Soils with conductivi-

ties below the Fine Screening criteria minimum were encountered

in northern La Posa. Chemical test results indicate that

potential for sulfate attack of soils on concrete will range

from "negligible" to "considerable."

2.2.4 Construction Considerations

In this section, geotechnical factors and conditions which would

affect the construction of the MX system, both hybrid trench and

vertical shelter concepts, are discussed.

2.2.4.1 Roads

The surficial soils in the Verification sites are predominantly

coarse-grained. In a dense state, these soils provide good

subgrade support for roads. However, most of these soils con-

sist of alluvial or eolian deposits that are not well compacted

near the surface. The thickness of these low-strength surficial

soils ranges from a few inches to several feet, the average

being about 3.4 feet (1.0 m). In this condition, the materials

will not provide adequate support for heavy wheel loads. These

"iP- fATImA&, IND.
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granular soils can be recompacted to a higher density and will

then provide very good support. In localized areas, the surfi-

cial soil may consist of a fine-grained deposit which is only a

few feet thick; in this case, the weak material could be removed

and replaced with a granular material. In a few areas, such as

playas, there may be a relatively thick layer of weak, fine-

grained soil which has low bearing strength even if compacted to

a high density. In these areas, either a thick section of

subbase and base course or soil stabilization techniques will be

necessary.

The studies in the Verification sites do indicate that there are

significant quantities of sands and gravels with a wide range of

particle sizes which can be used for road subbase and base

course. Soils with less than 15 to 25 percent fines could

be used for subbase material in the natural state. Processing

will generally be required to meet standard specifications for

base course.

2.2.4.2 Excavatability and Stability

Hybrid trench: Within the depth of excavation for the hybrid

trench, compressional wave velocities and observations made

during backhoe excavations indicate easy to moderately difficult

excavation. An MX trencher could be used for excavating con-

tinuous trenches suitable for cast-in-place construction. Soils

within the low-strength surficial interval will generally have

to be sloped back for stability. Below this weak surface

layer, vertical walls will generally be temporarily stable in a

T 4111113 NAT UNM, INOR.
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major portion of the site areas. In the remaining area, the

trench walls will have to be supported or sloped back for

stability.

Vertical shelter: The results of our investigation indicate

that conventional excavation equipment or large diameter augers

could be used for excavation of the vertical shelters. Most of

the excavations will be in coarse-grained soils with only

intermittent cemented zones or cohesive soils. Therefore, shaft

walls will generally require support.

I|
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3.0 LA POSA CDP

3.1 GEOGRAPHIC SETTING

The La Posa CDP is ]ocated In northern Yuma County, Arizona

(Figure 3-1). It is bounded on the west by the Dome Rock

Mountains and Colorado River Indian Reservation, on the east

by the Plomosa Mountains, and on the south by the Chocolate

and Castle Dome mountains. State Highway 72 forms the northern

CDP boundary. The Verification site includes all of the CDP

except the southern extension between the Kofa Game Range on the

east and Yuma Proving Grounds on the west.

Access into and within the site is good. Interstate Highway 10

traverses the southern part, State Highway 72 traverses the

northern part, and State Highway 95 runs north-south through

the center of the site connecting Highways 10 and 72. An

extensive network of unpaved roads, chiefly constructed for

recreational purposes, allows access to all part, of the site.

Quartzsite and Parker are the only significant population

centers near the site. Quartzsite is in southern La Posa

at the intersection of Highways 10 and 95. Parker is 12 miles

(19 km) north of the site along Highway 95. The land within the

site is undeveloped and is used for rangeland and recreation.

Numerous small mining operations occur in the mountains sur-

rounding the CDP.

3.2 SCOPE

The scope of geologic, geophysical, and soils engineering field

activities performed in the site and laboratory tests performed

T=O NATIONAL, NU.
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on soil samples from the site are presented in Table 3-1. Loca-

tions of the geophysical and engineering activities are shown in

Drawing 3-1 (end of Section 3.0).

3.3 GEOLOGIC SETTING

The northern Plomosa Mountains are composed of deformed Mesozoic

sediments, generally metamorphosed to gneiss, overlain by

Tertiary sandstone, shale, limestone, and conglomerate (Jemmett,

1966; Wilson, et al., 1969). Precambrian, Paleozoic, and

Mesozoic metamorphic rocks are located in the southern Plomosa

Mountains (Jemmett, 1966; Wilson, et al., 1969). Tertiary
andesite dikes, plugs, and flows are present throughout the

Plomosa Mountains, and Quaternary basalt caps mesas in the

southern part of the range. The Dome Rock Mountains, to the

west, consist of a similar assemblage of Mesozoic metasedi-

mentary and metamorphic rocks intruded by Mesozoic granite and

quartz diorite.

Structure in rock areas is extremely complex, with extensive

folding and faulting. However, no faults are traceable into

basin-fill sediments. Embayed mountain fronts and pediments

(Jemmett, 1966), along with the lack of faulting in basin-fill

deposits, indicate a lack of recent tectonic activity.

Basin-fill stratigraphy and distribution of surficial geologic

units in La Posa Plain have been greatly influenced by its prox-

imity to the Colorado River. Colorado River terrace deposits

are present in the subsurface under much of La Posa Plain, but

T-NOO NATIONAL, 
INO.
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*GEOLOGY AND GEOPHYSICS ENGINEERING

NUBROFNMNA ET
TYPE OF ACTIVITY ACTIVITIES NUMBER OF BORINGS FET(TRS

Geologic mapping stations 0 10 (9

Shallow refraction 19

Electrical resistivity 19

Gravity prof iles 3 NUMBER OF TRENCHES

ENGINEERING-LABORATORY TESTS 2 (2

NUMBER OF NUMBER OF TEST PITS NOIALDET
TYPE OF TEST TESTS (METERS)_______

Moisture/density 100 2

Specific gravity 4 ___ _

Siee aalsis71NUMBER OF CPTs RANGE OF DEPTH

*Hydrometer 2 67 2-35 (1-l1)

Atterberg limits 10 TYPE OF ACTIVITY ACTMB~ES O

Conoliatin 0Surficial sail samples 33

Unconfined compression IFil Btes0

Triaxial compression 2

Direct shear 6

Compaction 7

CBR 7

Chemical analysis 12
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occur at the surface only along the western edge (Fugro, 1975).

These deposits at the surface are composed cf rounded gravels

and gravelly sands. Intermediate age alluvial fan deposits are

the predominant surficial geologic unit, encompassing approxi-

mately 25 percent of the site. These deposits are heavily

pavemented and patinated and moderately cemented.

Stabilized eolian dune and sheet sands mantle alluvial deposits

in northern La Posa, with the source of the sand being ancestral

flood plains of the Colorado River. Downcutting of the Colorado

River during the Quaternary Period has resulted in entrenchment

of streams and formation of terraces. Nearly all modern allu-

vial material is carried in these entrenched streams into the

Colorado River, and younger alluvial fan deposits are rare.

3.4 SURFACE SOILS

Surficial soils of the La Posa Site are predominantly coarse-

grained (granular). Soils from predominant surficial geologic

units (Drawing 3-2) have been grouped into the following four

categories based on their physical and engineering characteris-

tics:

1. Uniform sands (from geologic units A3s and A3d).

2. Sands and silty sands (from geologic units Als, A2s, A5ys,

and A5is).

3. Sandy gravels and gravelly sands (from geologic units Als,

Alg, A2s, A5is, and A51g).

4. Silts and clays (geologic unit A51s).

T ONO NATIONAL. 
INC.
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3.4.1 Characteristics

Based on laboratory and field test results, the characteristics

of surficial soils were evaluated and are summarized in Table

3-2. In addition to the physical characteristics, road design

data consisting of laboratory compaction and California Bearing

Ratio (CBR) test results, average depth and depth range of low-

strength surficial soils, and suitability of the soils for road

construction use are included in the table. The range of grada-

tion for the four categories of surficial soils is presented in

Figure 3-2.

Uniform (poorly graded) fine to medium sands have an approximate

areal distribution of 20 to 30 percent of the site These soils

occur as eolian (A3) deposits which cover most of the northern

third of the site and interfinger with intermediate alluvial

fan and active stream channel deposits in the central third.

Eolian sands typically contain traces to little nonplastic silt

and are usually uncemented in the surficial zone.

Coarse to fine sands and silty sands cover approximately 10 to

20 percent of the site. These soils are widely distributed,

occurring randomly in young and intermediate fans (A5ys and

A51s), in terrace remnants (A2s) along the western margin of

the site north of Tyson Wash, and in active stream channels

(Als). Sands are usually poorly graded, contain traces to some

fines, and frequently contain gravel traces. These soils are

normally nonplastic but occasionally slightly plastic. Sands

of intermediate fans are frequently cemented (calcium carbonate)

T -ONI NATIONAL. 
NO.
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SOIL DESCRIPTION Uniform line to medium sands Sands and

USCS SYMBOLS SP. SM S0

PREDOMINANT SURFICIAL GEOLOGIC UNITS A3s and A3d Als, A2s. A5

ESTIMATED AREAL EXTENT 20-30 10-20

PHYSICAL PROPERTIES

* COBBLES 3-12 inches (8-30 cm) 0 0-5

aGRAVEL 0-, 181 14-20

SAND 69-98 [a] 49-55

SILT AND CLAY 2-28 [8] 31-32

LIQUID LIMIT NDA 19

PLASTICITY INDEX NDA 4

ROAD DESIGN DATA
117.5-120.9 []133.0

MAXIMUM DRY DENSITY pcf (kg/m 3) 1529 [2(130
(1882-1936) (2130)

OPTIMUM MOISTURE CONTENT 8.2-9.0 [2] 8.0

CBR AT 90' RELATIVE COMPACTION 7-12 [2] 9

SUITABILITY AS ROAD SUBGRADE (') poor to fair lair to go

SUITABILITY AS ROAD SUBBASE OR BASE (1) poor poor to fai
aJ

2.1-10.9 1.1-6.4THICKNESS OF RANGE It (m) [2-1. 0]-III-.

LOW STRENGTH (0.6-3.3)LU (0.3-2.0)
4.3 [ 0;2.7SURFICIAL SOIL (2 )  AVERAGE ft (m) (4.3) [2 0.8

(1.3) U(0.8)

(I) Suitability is a subjective rating explained in Fection A5,0 NOTES: * L
of the Appendix. • NO&

(2) Low strength surficial soil is defined as soil which will perform
poorly as a road subgrade at its present consistency; see Table 3-3
for details.

10 AUG 79



Sands and Silty Sands Sandy Gravels and Gravelly Sands Sandy Silts and Sandy Clays

SM GW, GP. GM. GC, SP. and SM IL, CL

Als. As, A5ys and A5is Als, Ailg, A2s, Ais, and A5ig A5is

10-20 45-55 0-10

0-5 0-10 0

14-20 [31 26-63 [14] 1-15 12]

49-55 [3] 25-57 1i 4 30-42 2

31-32 [3] 1-31 [14] 5-5

F-J

4 [L] 3, H14] -j ]

133.0 r122.5-131.0 F O
(2130) L (1962-2098) [4] NA

8.0 8.0 12.5 [4] NDA

9[] 10-35 [4] NOA

fair to good Rood to very Rood poor

poor to fair fair to good not suitable

1.1-6.4 0.3-4.0 0.3-1.7(0.3-2.0) [91 (0.1-1,2) [3 (0. 1-0. 5) 7

2.7 r- 3 1.2(0. 8) [1, 11 [7]
(0.8 L9J(0. 4) t 3 J(0.4)[]

TES: 0 L - Number ol tests perlormed
CHARACTERISTICS OF SURFICIAL SOILS

0 NOA - No data available (insulficient data or tests VERIFICATION SITE, LA POSA COP, ARIZONA
not performed)

Y1 SI1ING INVESTIGATION TAI|L[

!,JPV'1YiN1 0t Itit AIR ;UkCi SAMSO 1 3-2

O~IRD NATIONAL. ONO.
AFViU -



FN-TR-28-1I

GRAVEL SAND SL RCA
COARSE I F INE _ICOARSE I MEDIUM I FINE SL RCA

STANDARD SIEVE OPENING US STANDARD SIEVE NUMBER HYDROMETER

-
W

'0

I-

0 0 100 01 0 50' .05 .0' .005 .00'

GRAIN SIZE IN MILLIMETERS
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below 1 foot (0.3 m), but sands of other units are typically

uncemented in the surficial zone.

Sandy gravels and g avelly sands constitute the predominant

surficial soil type with an approximate areal distribution

ranging from 45 to 55 percent of the site. The major concentra-

tions of gravelly soils are intermediate fans (A5is and A5ig)

in the central and southern portions of the site. Gravelly

soils are also randomly distributed in drainages throughout the

entire site and in the terrace remnants along the western site

margin. These soils have a wide particle size distribution,

are mostly poorly graded, contain traces to appreciable fines,

and are usually nonplastic. Calcium carbonate cementation is

moderately to well developed below depths of I foot (0.3 m) in

many intermediate fan deposits.

Silts and clays are the least common surficial soil type.

These fine-grained soils cover less than ten percent of the

site and occur as isolated pockets in intermediate alluvial

fans. Fine-grained soils exhibit slight to medium plasticity,

contain appreciable amounts of sand, and gravel traces in

some locations. Moderate to strong calcium carbonate cementa-

tion is usually encountered at depths from 0.5 to 2 feet (0.2 to

0.6 m).

3.4.2 Low-Strength Surficial Sol

Cone Penetrometer Test (CPT) results were used in conjunction

with soil classifications to evaluate in situ surficial soils.

Eo NATIONAL. IO.
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The thickness of low-strength surficial soil at each CPT loca-

tion was estimated and is tabulated in Table 3-3. The range

and mean thickness of the low-strength interval are summarized

in Table 3-2 for the four surficial soil types. Uniform eolian

sands exhibit low strength to depths ranging from 2.0 to 10.9

feet (0.6 to 3.3 m) with an average of 4.3 feet (1.3 m).

Coarser sands and gravelly soils of other geologic units

(Columns 2 and 3 of Table 3-2) exhibit low strength to depths

ranging from 0.3 to 6.4 feet (0.1 to 2.0 m) with an average of

1.6 feet (0.5 m). Silts and clays exhibit low strength to

depths ranging from 0.3 to 1.7 feet (0.1 to 0.5 m) with an

average of 1.2 feet (0.4 m). Variations in the extent of low

strength, granular, surficial soils are related to differences

in gravel content, method of deposition, and degree of calcium

carbonate cementation. The eolian soils generally exhibit

lower cone resistance values than alluvial/fluvial deposits due

to the absence of gravel, lower relative density, and general

absence of cementation. Cone resistance values for fine-grained

soils are influenced by temporary strengths due to desiccation

and calcium carbonate cementation at shallow depths.

3.5 SUBSURFACE SOILS

Soil profiles, Figures 3-3 through 3-6, show the composition of

subsurface soils with depth, as determined from borings,

trenches, and test pits. Subsurface soils are predominantly

coarse-grained (granular) consisting of sandy gravels, gravelly

sand, and silty sand. Fine-grained soils (silts and clays)

occur as localized pockets or Interbeds. Fine to medium sands

Sao NATIeNAL. MO.
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CONE THICKNESS OF LOW STRENGTH CONE THICKNESS OF L
PENETROMETER SURFICIAL SOIL.(2) SOIL TYPE (3) PENETROMETER SURFICIAL
TEST NUMBER(' TEST NUMBEROt

FEET METERS FEET

C-I 10.9 3.3 SM C-29 5.5

C-2 7.0 2 1 SP-SM C-30 8.4
C-3 4.6 1.4 SP-SM C-31 t.0

C-4 4.3 1.3 SP-SM C-32 1.5

C-5 4.6 1.4 SP C-33 1.3 -

C-6 3.4 1 0 So C-34 0.9

C-7 2.7 0 8 GP C-35 0.5

C-8 3.6 I I So C-36 1.0
C-9 1.1 03 SMI/SP C-37 1.3
C-10 3.7 1. I SM C-38 0.5

C-I1 0.9 0. 3 GP-GM C-39 0.3
C-12 0.3 0. 1 GM C-40 0.9

C-13 4.5 1 .4 So C-41 4.0

C-14 3.1 0 9 SC-SM C-42 3.9

C-15 3.5 1. 1 SM C-43 1.7

C-I 3.0 0 9 SM C-44 1.5

C-IT 2.3 0.7 SM, GP-GM C-45 _ 1.7

C-18 0.8 0 2 GM C-46 1.8

C-19 3.2 a 9 SM C-47 t.0

C-20 2.2 07 SM C-48 1.0

C-21 3.3 1.0 SM C-49 1.0

-C-22 4.2 1.3 SM C-50 3.5

C-23 4 5 1 4 SM C-51 2.9

C-24 4.7 1 4 SM C-52 1.0

C-25 4.5 1.4 SM C-53 0.4

C-26 3.3 1 0 SM C-54 0.4
C-27 2.1 0 6 SM'G C-55 0.6
C-28 3.0 0 9 SM C-56 0.4

(1) For Cone Penetrometer Test locations see Drawing
Activity Location Map. NMOTES: * For

(2) Thickness corresponds to depth below ground surface. Low strength st
surficial soil is defined as soil which will perform poorly as a of
road subgrade at its present consistency. Low strength is based

on Cone Penetrometer Test results using the following criteria: 0 SI

Coarse grained soils: q.120 tsf (117 kg/cm 2) 0 NOA
Fine grained soils: qc.c8O tsf (78 kg./cm 2)

where qc is cone resistance.

(3) Soil type is based on Unified Soil Classification System; see
Section A5.0 in the Appendix for explanation

10 AV$t 10



hNESS OF LN STRENGTH CONE THICKNESS OF LOW STRENGTH
SURFICIAL SOIL(2) SOIL TYPE (3) PENETROMETER SURFICIAL SOIL.(2) SOIL TYPE (3)

TEST NUMBER('
FEET METERS FEET METERS

5.5 i 17 SP-SM C-57 1.0 0 3 GO GP-GU
.6.4 2.0 SM C-58 1.0 0 3 G
1.8 0.5 SM GP C-59 0.5 0 2 Sl GP-G11
1.5 0.5 GP-GM C-60 1.2 0 4 SN
1. 3 0.4 SM, GP-GM C-61 1.1 0 3 Sm
0.9 0 3 SM 'GP-GM C-62 1.-7 0.5 SN

a0.5 02 GM C-63 1.5 0 5 ML
1.0 0 3 GM C-64 0.9 03 GM
1.3 0 4 GC C-65 0.7 0. 2 SP

005 0.2 CL C-66 0.8 0 2 GP
9.3 0.1 ML C-67 2.0 0 6 Sm
0.9 0 3 CL
4.0 1 2 GM-GC GC
3.9 1 2 SP

1.1 0.5 CL-ML
1.5 0 5 ML

1.7 0.5 ML
1.8 05 SP-SM.iGP-GOI
1.0 0.3 SM -1.0 0.3 SP

1.0 0 3 GP
3.5 1 1 GP-GM_
2.9 9 SM
1.0 0 3 GM
0.4 0 1 GW-GM

8.4 0 I GP
0.6 02 GM . . .
6.4 0 1 GP-GM

ES: * For fine grained soils (IL, CL, MH and CH), thickness of low
strength surficial soil will vary depending on moisture content
of the soil at time of testing.

SSiiGN - indicates SM underlain by GM

0 NOA - No data available THICKNESS OF LOW STRENGTH SURFICIAL SOILS

VERIFICATION SITE, LA POSA COP, ARIZONA
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and silty sands are predominant in the north one-third of

the site. These deposits are shallow eolian sands which are

apparently underlain by massive terraces (A2). Coarser gran-

ular soils, predominantly of intermediate fans (A51), overlie

the finer terrace sands in the central portion of the site.

The fan deposits are generally heterogeneous mixtures of coarse

to fine gravelly and/or silty sand and sandy gravel with minor

silt or clay interbeds. In the southern third of the site,

coarser granular soils, either of intermediate fans or re-

cent stream channel deposits (Al), are continuous to at least

160 feet (49 m).

Results of seismic refraction and electrical resistivity surveys

are summarized in Table 3-4. Characteristics of subsurface

soils, as determined from field and laboratory tests, are

presented in Table 3-5. Gradation ranges of subsurface soils

are shown in Figure 3-7.

The fine to medium colian and terrace sands are medium dense

to dense to approximately 20 feet (6 m) and dense to very

dense at increased depth. Below 20 feet, these soils possess

moderate to high shear strengths and have a seismic wave veloc-

ity range between 2300 and 4400 fps (701 and 1341 mps). Thin

layers with variable calcium carbonate cementation occur inter-

mittently, but well-developed, continuous cementation is not

present. The coarser, granular soils of intermediate alluvial

fans are dense to very dense below 10 feet (3 m), exhibit low

-Icompressibilities, and possess moderate to high shear strengths.

T ONO NATIONAL, NI.
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DEPTH RANGE 2' - 20' (0.6 - 6.0m)

Coarse-grained soils Fia

SOIL DESCRIPTION Sandy Gravels, Gravelly Sands, Sandy S1
Sands, and Silty Sands

USCS SYMBOLS GW. GP. GM, GC, SW, SP, SM, and SC ML and CL

ESTIMATED EXTENT IN SUBSURFACE 90-95 5-10

PHYSICAL PROPERTIES

DRY DENSITY pcf (kgim 3) 91.3-128.5 [219.1
(1462-2058) (1539)

MOISTURE CONTENT 2.0-14.1 [ 3] 4.3

DEGREE OF CEMENTATION none to moderate moderate t

COBBLES 3-12 inches (8-30 cm) 0-10 0

GRAVEL 0-60 E41 0i iSAND 45-9

F SILT AND CLAY 3-27 14] 55

LIQUID LIMIT NOA NOA

PLASTICITY INDEX NDA NOA

COMPRESSIONAL WAVE VELOCITY fps (mps) (30-1707)

SHEAR STRENGTH DATA

UNCONFINED COMPRESSION Su - ksf (kN/Im 2) NDA NOA

TRIAXIAL COMPRESSION c - ksf (kN'm 2), 9 NDA NDA

DIRECT SHEAR c - ksf (kN/m 2), #o C=0-0.5 =33o41o [] NOA
(0-24)

NOTES:
e Characteristics of soils between 2 and 20 feet (06 and 6 0 meters) are L J
based on results of tests on samples from 6 borings, 5 trenches, and NOA -

28 test pits, and results of 19 seismic refraction surveys.

* Characteristics of soils below 20 feet (6 0 meters) are based on results
of tests on samples from B borings and results of 18 seismic refraction
surveys.

10 AUG 79



.6 - 6.OM) 20 - 160' (6.0 - 49.0m)

Fine-grained soiIs Coarse-grained soils Fine-grained soils

Sandy Silt and Sandy Clay Sandy Gravel, Gravelly Sand.
Sand and Silty Sand Clay

IL and CL GW, GP, GM, SP, SM, and SC CH

5-,0 95-100 0-5

96.1 95.0-131.4 91.0-91.4
(1539)[7 0] 2](1539) (1522-2105) (1458-1464)

4.3 [1] 1.4-23.6 [7O] 31.4-33.3 [2]

moderate to strong none to moderate none to moderate

0 0-10 0

0 [1] 0-49 [32] 0 [i]

45 [1] 28-99 [3 2] 3 i]

55 [1] 1-37 [32] 97 []

NOA 63 [,] 79 [,]

NOA 32 [i] 58 [,]

NOA 2300-6050

(701-1844)

NDA NDA 6.5ji
(311)

NOA fi 37o.41 [2] NOA

NO C = 0-0.7 0 33-3o8 OA
NOA________ _ (0-34) [0]

Number of tests performed. CHARACTERISTICS OF SUBSURFACE SOILS

SNOA - No data available (insufficient data or tests not performed.) VERIFICATION SITE, LA POSA COP, ARIZOM

MX SITING INVESTIGATION TABLE
OEPARTMENI OF THE AIR FORCE - SAMSO! 3-5
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Calcium carbonate cementation is often well developed in the

upper 20 feet but intermittent at increased depth. Seismic wave

velocities range between 2350 and 6050 fps (716 and 1844 mps),

significantly higher than measured in the fine to medium eolian

sands, indicating increased density and cementation.

Fine-grained soils occur as sporadic silt or clay interbeds,

generally in intermediate alluvial fans. These soils are stiff

to hard and possess moderate to high shear strength. Their

plasticity range is from slight to high.

Electrical resistivity profiles for the La Posa site do not

indicate any systematic mineralogic or moisture content changes

with increasing depth. Electrical conductivity of the soils in

the upper 50 feet (15 m) ranges from 0.0019 to 0.0375 mhos per

meter (average 0.0121 mhos per meter). At four of the 19

locations tested, conductivity was less than the minimum of

0.004 mhos per meter specified in the Fine Screening criteria.

The locations with conductivities below the minimum were all in

the northern third of La Posa. Chemical test results indicate

negligible to considerable potentials for sulfate attack of

soils on concrete.

3.6 TERRAIN

Terrain conditions are depicted in Drawing 3-3. Relief is

developed primarily on west-sloping alluvial fan surfaces of

intermediate age (terrain category II). Terrain category I

corresponds to areas in northern La Posa covered by eolian

sand. Other terrain categories relate to various depths of

IR0 NATIONAL, INC.
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incision on intermediate alluvial fan deposits. Older allu-

vial fan deposits and highly dissected deposits along major

entrenched streams (Bouse Wash and Tyson Wash) generally con-

stitute unsuitable terrain (category VII).

La Posa CDP ranges from 910 feet (278 m) in elevation at the

base of the Plomosa Mountains to a low of 500 feet (153 m) in

Tyson Wash at the western edge of the site. Drainage is to the

west via Bouse Wash into the Colorado River in northern La Posa,

and is north via Tyson Wash and then west into the Colorado

River in southern La Posa.

In southern La Posa, depths of incision on intermediate alluvial

fan deposits are generally from 3 to 10 feet (1 to 3 m) with a

spacing of from 8 to 12 drainages per mile (terrain categories

II and III). Slopes range from 0 to 2 percent with an average

of less than 1 percent. In northern La Posa, the slopes are

similar but drainage incision is less (less than 3 feet; I m)

and spacing is much wider (1 to 3 drainages per mile) due to the

presence of eolian sand at the surface. Terrain exclusion areas

occur around the site periphery and constitute approximately

5 percent of the area.

3.7 DEPTH TO ROCK

Generalized contours depicting depth to rock are shown in

Drawing 3-4. All data used in constructing the map are shown.

Rock was detected along seven seismic lines, giving limited

control on depth to rock around the periphery of the site.

Only calculated minimum depths to rock were acquired in the

-- iOO NATIONAL. INC.
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remaining seismic lines. These data generally indicate a

steeply dipping mountain front with little shallow rock except

in deeply embayed areas with numerous outliers. Spacing of

50-foot (15-m) and 150-foot (46-m) contours in areas where no

data are available is based on a projection of the topographic

slope into the subsurface.

Principal areas of shallow rock occur in northern La Posa along

the Plomosa Mountains, where Tertiary sedimentary rocks have

been extensively pedimented (Jemmett, 1966), and elsewhere

around the site periphery in valley reentrants. Rock at less

than 50 feet constitutes approximately 8 to 10 percent of

the site area, and rock at depths from 50 to 150 feet is es-

timated to cover 5 percent of the site.

3.8 DEPTH TO WATER

Drawing 3-5 shows the approximate configuration of the 50-foot

(15-n) and 150-foot (46-r) depth to water contours at the La

Posa Site. These contours represent water levels in the un-

confined basin-fill aquifer. Data are concentrated in southern

La Posa, particularly near Quartzsite but are very sparse in

other parts of the site. Water-level measurements are rela-

tively current and are taken from Metzger et al. (1973) and

USGS (1975, 1978a, 1978b, 1979). The 150-foot contour is more j
approximate than the 50-foot contour because of the lack of

wells reporting levels at or around the 150-foot depth. Control

on the 50-foot contour is goed in the vicinity of Quartzsite

but is poor elsewhere.

T =no 90ATIONAL. 
INC.
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Water occurs at depths greater than 150 feet throughout northern

and eastern La Posa. Shallow water is present principally along

Tyson Wash on the eastern flank of the Dome Rock Mountains.

Water at less than 150 feet occurs over much of the southwestern

part of the site and is the source of water for the town of

Quartzsite and for the vigorous winter recreational activity in

southern La Posa. Metzger et al. (1973) and Loeltz (1979)

indicate that the ground-water table in the vicintiy of Quartz-

site is probably perched. Water at less than 50 feet (15 m)

constitutes about 6 percent and water at less than 150 feet

(46-m) and greater than 50 feet (15-m) constitutes an additional

14 percent of the site area.

3.9 RESULTS AND CONCLUSIONS

3.9.1 Suitable Area

Resulting suitable area as defined by FY 79 Verification

studies in the La Posa site is shown in Drawing 3-6. The

site contains approximately 300 mi2 (775 km2 ) of usable area

for a hybrid trench or horizontal shelter and 230 mi2 (600 km2 )

for a vertical shelter concept. These results are slightly

less than reported in previous Intermediate/Fine Screening

studies due to:

1. Additional terrain exclusions in northern and western

La Posa;

2. Additional shallow rock exclusions distributed uniformly

around the site periphery; and

3. Expansion of shallow water exclusions along Tyson Wash.

T .mo NATIONAL, INC.
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3.9.2 Construction Considerations

In this section, geotechnical factors and conditions which

would affect the construction of the MX system in the suitable

area are discussed. Both the hybrid trench and vertical shelter

basing modes are considered.

3.9.2.1 Grading

Surficial slopes in the La Posa site range from 0 to 4 percent

(average about 2 percent), thus requiring limited preconstruc-

tion grading for roads and trenches.

3.9.2.2 Roads

Surficial soils exhibit low strength to an average depth of

2.4 feet (0.7 m), with a maximum depth approaching 11 feet

(3.4 m). The subgrade supporting properties of low-strength,

coarse-grained soils are inadequate but can be improved by

mechanical compaction. Compaction to a depth between 1 to 3

feet (0.3 to 0.9 m) appears necessary for most areas with deeper

compaction possibly required for the eolian sands of northern

La Posa. Based on results of laboratory CBR tests, cmpacted

coarse-grained soils will provide good to very good subgrade

support for roads in southern La Posa and poor to fair support

in northern La Posa.

The eolian sands of northern La Posa create some road design and

construction problems not encountered in other Arizona sites.

At 90 percent relative compaction, these sands have low CBR

values (<15); however CBR values higher than 15 are obtained at

Tr Won NATIONAL. ONO,
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95 percent relative compaction. Subgrade improvement techniques

for these sands include: compaction to 95 percent; blending

(mixing) with coarser gravelly sands to improve gradation;

cement or bituminous stabilization; and using a select granular

subbase layer to confine the compacted, eolian sand subgrade.

Vehicle trafficability across the eolian sands will be poor

until a stabilized roadbed is obtained.

Few roadway sections will be underlain by fine-grained soils

due to their infrequent presence in the surficial zone. Where

present, fine-gained soils will probably be inadequate for

direct support of roadways. Therefore, required support can

be attained by using a select granular subbase layer over the

compacted fine-grained soil subgrade. As an alternative, fine-

grained soils could be partially or totally removed, depending

upon their thickness, and replaced by a sufficient thickness

of coarse-grained soil to obtain the required subgrade support.

Coarse gravelly sands or sandy gravels from intermediate

aluvial fan and recent channel deposits in the southern half of

the site will prove suitable as a subbase material when the

fines content (passing a No. 200 sieve) is less than 25 percent.

Gravels or gravelly sands with a wide distribution of particle

sizes and minimal fines may prove acceptable as a source for

processed base course materials. Such materials are widely

distributed in active channels (Tyson Wash, Bouse Wash, and

numerous minor drainages) and are presently being mined near

Quartzsite for aggregate.

TIX NATIONAL. INC.
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Average incision depths are less than 3 feet (I m) in northern

La Posa and generally range between 3 and 10 feet (1 and 3 m)

in southern La Posa. Incisions locally exceed 10 feet (3 m)

in gravelly deposits near mountain fronts and along major

drainages. Thus, the overall cost of drainage structures will

probably be low to moderate.

3.9.2.3 Excavatability and Stability

Subsurface soils in the suitable site area are predominantly

coarse-grained with fine-grained soils estimated in less than

10 percent of the construction zone. Subsurface soils are

generally dense to very dense below l feet (3 m) in the south-

ern portion and below 20 feet (6 m) in the north. Variable

cementation is present in all areas but more well developed in

southern La Posa.

Hybrid Trench: Compressional wave velocities in the upper

20 feet (6 m) and observations made during backhoe excavations

indicate easy to moderately difficult excavation in most of the

site with difficult excavation estimated in approximately 25

percent of the suitable area. MX trenchers could be used to

excavate continuous trenches for cast-in-place construction.

Based on estimates of low-strength surficial soil, the upper

portion of trench excavations should be sloped back for sta-

bility. Generally, sloping will be necessary to depths between

2 to 5 feet (0.6 to 1.5 m) but locally to depths approachingk10 feet (3 m) in the northern third of La Posa. Below this

zone, vertical trench walls will remain temporarily stable

TNO Ono ATIONAL, ONO
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in approximately 80 percent of the suitable area. In the

remaining area (mostly in the north), the apparent cohesion

and/or degree of cementation of the subsurface soils may prove

inadequate for temporary stability of vertical cuts. Therefore,

trench walls might have to be locally shored or sloped.

Vertical Shelter: Within the depth of excavation for vertical

shelters, results of our investigation indicate that large

diameter augers could be used with difficult excavation expected

in approximately 15 percent of the subsurface. Most excavations

will be in granular soils with only intermittent cemented or

cohesive soil intervals. Therefore, vertical shaft walls to

depths of 120 feet (37 m) will require support or the use of a

stabilizing technique.
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4.0 BUTLER CDP

4.1 GEOGRAPHIC SETTING

Butler CDP is locatr. in northern Yuma and southwestern Yavapal

counties, Arizona (Figure 4-1). The CDP is bounded on the north

by the Buckskin Mountains and Santa Maria River and on the south

by the Harcuvar Mountains. It extends east to the Black Moun-

tains, including the entire Date Creek Basin, and west to the

pass into Ranegras Plain. The Verification site includes that

part of the CDP which lies in Yuma County.

The only paved access into the site connects State Highway 72

south of the site with Alamo Reservoir on the Santa Maria River

at the northern edge. Access within the site is good due

to several major utility rights-of-way and numerous unpaved

ranch roads. The towns of Salome and Wenden are approximately

10 miles (16 km) south of the site along Highway 72. Bouse is

approximately 25 miles (40 km) west of Salome and Parker is

another 25 miles northeast of Bouse. The majority of the

CDP is undeveloped BLM rangeland with the exception of several

sections in southwestern Butler leased for agriculture.

4.2 SCOPE

The scope of geologic, geophysical, and soils engineering field

activities performed at the site and laboratory tests performed

on soil samples from the site are presented in Table 4-1. Loca-

tions of the geophysical and engineering activities are shown in

Drawing 4-1 (end of Section 4.0).

T ONO NATIONAL, IND.
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GEOLOGY AND GEOPHYSICS ENGINEERING

TYPE OF ACTIVITY NUMBER OF NUMBER OF BORINGS NOMINAL DEPTH
ACTIVITIES FEET 'METERS)

Geologic mapping stations 66 5 160 49

Shallow refraction 16

Electrical resistivity 14

NOMINAL DEPTH
Gravity profiles 8 NUMBER OF TRENCHES FEET (ET

FEET (METERS)

4 14 (4)

ENGINEERING-LABORATORY TESTS 1 iD (3)
' ' NOMINAL DEPTH

NUMBER OF NUMBER OF TEST PITS NMIN ET

TYPE OF TEST TESTS FEET (METERS)

Moistureldensity 
95

Specific gravity 7

NUMBR OFCP~s RANGE OF DEPTH

Sieve analysis 88 NUMBER OF CPTs(METERS

Hydrometer 1 66 2-22 (1-7)

Atterberg limits 15 TYPE OF ACTIVITY NUMBER OF
_________________ _________ACTIVITIES

Consolidation 0 Surficial soil samples 32

Unconfined compression 0 Field CR tests 0

Triaxial compression 0

Direct shear 9

Compaction 6

COBR 6 SCOPE OF ACTIVITIES

VERIFICATION SITE, BUTLER COP, ARIZONAChemical analysis 13

MX SITING INVIS1IC ATION TASLI

DEPARTMENT OF THE AIR FORCE SAMSO 4- 1

ED NATIONAL INO
10 AVG 79 AFV-O8n
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4.3 GEOLOGIC SETTING

The Little Buckskin, Buckskin, and the Harcuvar mountains

are composed of Precambrian (granite gneiss locally intruded

by Laramide granite (Wilson et al., 1969; Gassaway, 1977).

Mesozoic sediments consisting of sandstone and conglomerate

outcrop on the southern end of the Buckskin Mountains. Mesozoic

granite is exposed on the east end of the Bouse Hills at the

western edge of the site. Numerous outcrops of Tertiary con-

glomerate are exposed throughout the site, the most prominent of

which is located on the southern end of the Little Buckskin

Mountains as Black Butte. Tertiary volcanic rocks and uranium-

bearing vulcaniclastic sediments are exposed along the Santa

Maria River and underlie alluvium along the northern edge of the

site (Sherborne et al., 1979; Pierce, 1977).

Butler Valley and the adjacent mountain ranges exhibit a

northeast-southwest trend, transverse to the regional north to

northwesterly trend prevalent in this portion of the Basin and

Range Province. This anomalous trend may be the result of

a structural setting predating basin and range faulting.

No active basin-margin faults have been identified in Butler

Valley. Gassaway (1977) has shown numerous bedrock faults in

the Buckskin Mountains, some of which are projected under the

I basin-fill materials. Gassaway (1977) also recognized an

east-west lineament paralleling the Santa Maria River in the

northern end of the site. No faults displacing basin-fill

* deposits have been recognized.

I". O NATIONAL. INC.

J-*
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Alluvial fan deposits are the predominant surficial geologic

unit in the Butler site (Drawing 4-2). Older alluvial fan

deposits predominate in eastern Butler in the Date Creek Basin

area. Quaternary-Tertiary lacustrine and alluvial deposits of

interbedded clay, silt, and sand are exposed in Date Creek and

locally throughout the area north of Date Creek. Moderately to

strongly cemented older alluvial fan deposits, consisting of

sandy gravels, are exposed south of Date Creek along the Har-

cuvar Mountains.

Young alluvial fan deposits predominate in western Butler

Valley, west of the Little Buckskin Mountains. Deposits consist

chiefly of sand, with gravel found locally near mountain fronts.

Intermediate alluvial fans around the basin periphery are

generally gravelly sands and gravel. Eolian sands occur adja-

cent to Cunningham Wash along the valley axis.

4.4 SURFACE SOILS

The surficial soils of the Butler Site are predominantly

coarse-grained (granular). Soils from predominant surficial

geologic units (Drawing 4-2) have been grouped into the follow-

ing categories based on their physical and engineering char-

acteristics.

1. Sands, silty sands, and clayey sands (from geologic units

A5ys and A5is).

2. Sandy gravels and gravelly sands (from geologic units A5ys,

A5is, A5ig, and A5og).

3. Sandy silts and sandy clays (from geologic units A5of,

A5ys, and A51s).

T Ono NATIONAL, ONO.
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4.4.1 Characteristics

The characteristics of surficial soils, based on field and

laboratory test results, are summarized in Table 4-2. In

addition to the physical characteristics, road design data

consisting of laboratory compaction and California Bearing

Ratio (CBR) test results, depth range and average depth of

low-strength surficial soils, and evaluation of soils for road

use are included in the table. The range of gradation of

surficial soils is presented in Figure 4-2.

Sands, silty sands, and clayey sands are the predominant soil

types with an approximate areal distribution ranging from 60 to

75 percent of the site. Sands are located in all portions of

the site but are most common in the young alluvial fans of

central valley areas. They are predominantly poorly graded,

contain traces to appreciable amounts of fines, and often

contain gravel traces. Soil plasticity ranges from none to

slight. Weakly to moderately developed calcium carbonate

cementation is locally encountered in sands within 2 feet

(0.6 m) of the ground surface.

Sandy gravels and gravelly sands have an approximate areal

distribution of 20 to 30 percent. Some gravelly sands are

found in active stream channels and young alluvial fans in

central valley areas; however, the major concentrations are in

intermediate and old fans near mountain fronts. These soils

are mostly poorly graded and contain traces to appreciable

fines. Soil plasticity ranges from none to slight. Moderately

-O= NATIONAL, IN

- ! .- , *
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SOIL DESCRIPTION Sands, Silty Sands, and Clayey
Sands Sandy Gra

USCS SYMBOLS SP. SM. SC GP. 01

PREDOMINANT SURFICIAL GEOLOGIC UNITS Ahys and A5is A5is £

ESTIMATED AREAL EXTENT 60-75 20-30

PHYSICAL PROPERTIES

COBBLES 3-12 inches (8-30 cm) 0-5 0-10

GRAVEL , O-17 [16] 24 47

SAND 51-91 16] 33-58., I
SILT AND CLAY 8-43 [16] 5-23

i LIQUID LIMIT 34 [2] 27

i PLASTICITY INDEX HP-I [2] 10

ROAD DESIGN DATA

MAXIMUM DRY DENSITY pcf (kg/m 3) (1994-2017.) [2  (1970-2

OPTIMUM MOISTURE CONTENT 7 4-9 5 2-  6 8-i.

!CR AT 900, RELATIVE COMPACTION 10-15 [2] 15-30

SUITABILITY AS ROAD SUBGRADE (1) fair to good good to

SUITABILITY AS ROAD SUBBASE OR BASE (') poor to fair fair to

2TIC NESS OF RANGE t W 2 9-90 0 5-4.1ILOW STRENGTH ( 9-27_ _o _0_2-153 [4,.,9
SURFICIAL SOIL(') AVERAGE It (W) (16) [ (0.6)

(I) Suitability is a subjective rating explained in Section A5.0 NOTES: 0

Iof the Appendix.

(2) Low strength surficial soil is defined as soil which will perform
poorly as a road subgrade at its present consistency; see Table 4-3

for details.
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Sandy Gravels and Gravelly Sands Sandy Silts and Sandy Clays

GP, GN GC. SP. S* and SC ML and CL

A5is ASys. ASig. and A5og ASys

20-30 0-10

0-10 0

24 47 [t0] 0-2 13]

33-58 o10] 34-49 [3]

5-23 [o] 51-66 [3]
27 [,] 21-28 [a]

10 [,] 3-12 [3]

123 0-136 7 125 5__ ,____o- ___,__o__ ___ ___ [,]
( 1970 -2190) (2010)

68 109 [3] 91 [1]

15-30 [3] 10 [,]

good to very good poor

fair to good not suitable

0 5-4 8r,17 0 8-4 2
(0 2-1 5) u (0 2-1 3)
1.9 [7] 26
(0.6) (0.8) [7]

S L J - Number of tests performed
CHARACTERISTICS OF SURFICIAL SOILS

0 NOA - No data available (insufficient data or tests VERIFICATION SITE, BUTLER COP, ARIZONA
not performed)

MX SITING INVESTIGATION IL tI

DEPARTMENT OF THE AIR FORCE SANSO 4-2

- mU NATIONAL, INO.
AFV-19
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GRAVEL SAND SL RCA
ffCOARSE '*IFINE COARSEI MEDIUM I FINE SL RCA

STANA RDSIEVE OEIG US STANDARD SIEVE NUMBER HYDROMETER

t-

of]r
0 ca --.- .- _ _ _ _ _ _

40

C.3

GRAIN SIZE IN MILLIMETERS

SOIL DESCRIPTION: Sandy, gravlyss and rvly sands from
0 to 2 feet (0,0 to 0 6m)

3* 8 10 AUG0 6 100 URD

00
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[ GRAVEL SAND FIESLORCA

COARSE I FIN COARSEI MEDIUM IIIE IL RCA

STANDARD SIEVE OPENING US STANDARD SIEVE NUMBER HYDROMETER
3 t 3 4. 3 9. 4 10 20 40 50 '00 200

00

0.J

0 S 0I 10. 0 5 0 to 0 0 5 0 1 .05 .01 .005 00'1

GRAIN SIZE IN MILLIMETERS

SOLDESCRIPTION: Sandy silts and sandy clays from
0 to2 feet (0.0 to O.Bin)

3" I~ 3 1" 3 8" 1 0 20 40 60 100 200

00

a.--

GRAIN SI7E IN MILLIMETERS

RANGE OF GRADATION OF SURFICIAL SOILS
VERIFICATION SITE, BUTLER COP. ARIZONA

111 SITING INVESTIGATION F I III

DEPARTMENT OF THE AIR FORCE - SAMSO 4-2
2 OF 2
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to well-developed calcium carbonate cementation is often en-

countered below 2 feet (0.6 m) of the ground surface in gravelly
pi

soils of intermediate and old fans.

Sandy silts and sandy clays are the least common surficial soil

type, covering less than 10 percent of the site. These soils

generally occur in old lacustrine deposits in northeast Butler

and as isolated pockets in young and intermediate alluvial

fans. Fine-grained soils typically contain appreciable amounts

of sand and locally traces of gravel. Soil plasticity ranges

from none to medium, and soils are usually uncemented to weakly

cemented in the surficial zone.

4.4.2 Low-Strength Surficitl Soil

Cone Penetrometer Test (CPT) results were used in conjunction

with soil classifications to evaluate in-situ surficial soils.

The thickness of low-strength surficial soil at each CPT loca-

tion was estimated and is tabulated in Table 4-3. The range

and mean thickness of the low-strength soils are summarized

in Table 4-2. Sands exhibit low strength to depths ranging

from 2.9 to 9.0 feet (0.9 to 2.7 m) with an average of 5.3 feet

(1.6 m). Gravelly sands and sandy gravels exhibit low strength

to depths ranging from 0.5 to 4.8 feet (0.2 to 1.5 m) with an

average of 1.9 feet (0.6 m). Variations in the extent of low-

strength, granular, surficial soils are caused by differences

in particle size, density, and degree of cementation. Fine-

grained soils exhibit low strengths to depths ranging between

0.8 and 4.2 feet (0.2 and 1.3 m) with an average of 2.6 feet

aI NATIONALINO.
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CONE THICKNESS OF LOW STRENGTH CONE THICKNESS OF
PENETROMETER SURFICIAL SOIL. ( 2 )  SOIL TYPE (3) PFERMTRSURFICIA
TEST NUMBIER ( ) 1-.;T NUMBER(M

FEET METERS FEET j

C-I 2.0 0.6 SP-SS CL C-29 3.6
C-2 4.7 1.4 Sm C-30 0.__

C-3 3.9 1.2 SM SC C-31 8-0
C-4 2.3 0.7 SP C-32 6.0

C-5 1.0 0.3 SM C-33 6.5
C-6 3.6 1. I SM C-34 4.9

C-7 2.9 0.9 ML C-35 3.5

C-8 5.5 1.7 SM C-36 8.3
C-9 4.5 1.4 SM SP-SM C-37 1.2
C-to 5.5 1.7 SM C-38 5.4
C-I 4.0 1. 2 SN C-39 4.0
C-12 4.8 1.5 SM C-40 5.6

C-13 2.4 0.7 SC SN C-4 9.0
C-14 0 8 0.2 CL C-42 6.2
C-15 26s 0 9 SC SP-SC C-43 4.0

C-16 5.2 1.6 SM C-44 6.6
C-17 2.0 0.6 SM GP-GM C-45 3.1

C-18 0.8 0.2 SM C-46 4.2

C-19 4 0 1.2 CL SP-SN C-47 7.2
C-20 4 I i. 2 SM SP-SM C-48 0.6
C-21 1.5 0.5 SM C-49 7.7

C-22 1. 1 0.5 GP-GI C-50 5.7
C-23 1.3 0 4 SM GP-GM C-S 4.1
C-24 2.4 0.7 SP-SM C-52 7.1

C-25 4,8 _ .5 GP C-53 2.3

C-26 I 2 0 4 GP GC C-54 3.9
C-27 1.8 0.5 GM C-55 4.6
C-28 4,0 1 2 SC C-56 2.8

(I) For Cone Penetrometer Test locations see Drawing
Activity Location Map. NOTES: Fe

(2) Thickness corresponds to depth below ground surface. Low strength st
surficial soil is defined as soil which will perform poorly as a of
road subgrade at its present consistency. tow strength is based
on Cone Penetrometer Test results using the following criteria:

Coarse grained soils: qcc'120 tsf (117 kg."cm 2)

Fine grained soils: qc-c 8O tsf (78 kg,'cm2)

where qc is cone resistance.

(3) Soil type is based on Unified Soil Classification System; see

Section A5.0 in the Appendix for explanation

- , ' L.0 . .. -AUG 79.-



MESS OF LOW STRENGTH CONE THICKNESS OF LOW STRENGTH
SURFICIAL SOIL,(2) SOIL TYPE (3) PENETROMETER SURFICIAL SOIL(2) SOIL TYPE (3)

TEST NUMBER"'
EET METERS FEET METERS

.6 1. 1 SM SP C-57 6.8 2.1 SUt
5 0.2 SM C-58 3.9 1. 2 CL SM

.0 2.4 SM C-59 2.9 0.9 SC

.0 1.8 SM C-60 4.0 1.2 sm

.5 2.0 SM C-61 1.0 0.3 SM

.9 1.5 SM C-62 5.8 1.e su SP-SM

.5 1.1 SM C-63 0.7 11.2 SN

.3 2.5 SM C-64 3.7 1. 1 SM

.2 2.2 SM C-65 3.3 1. ) SM

.4 1.6 SM SP-SM C-66 8.1 2.5 SM

.0 1.2 SM

.6 1.7 sri

.0 2.7 SP-SM

.2 1.9 SP- Sm
6.0 1 2 SM
8 2 1 SM
I 0.9 ML

. 2 1.3 ML

P.2 2.2 SM
.6 .2 GC 'GM

F.7 2.3 SM
5.7 1. 7 SM CL-SC
1. 1 1.2 SM

i. 1 2.2 SM
1.3 0.7 ML SC

.9 1.2 SM

1.6 1 4 SM GM
.8 i .9 CL

iES: * For fine grained soils (ML, CL, MH and CH), thickness of low
strength surficial soil will vary depending an moisture content
of the soil at time of testing.

SSII/GM - indicates SM underlain by GM

* NOA - No data available THICKNESS OF LOW STRENGTH SURFICIAL SOILS

VERIFICATION SITE. BUTLER COP, ARIZONA

MX SITING INVESTIGATION TABLE

DEPARTMENT OF THE AIR FORCE - SAMSO 4-3

-- =NO NATIONALn IKn,

A-V-1 _
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(0.8 m). The extent of low-strength fine-grained soils is

influenced by density, soil moisture content, and cementation.

4.5 SUBSURFACE SOILS

Soil profiles, Figures 4-3 through 4-7, show the composition

of subsurface soils with depth, as determined from borings,

trenches, and test pits. Subsurface soils are predominantly

coarse-grained (granular) alluvial fan deposits consisting of

heterogeneous mixtures of sandy gravel, gravelly sand, sand,

silty sand, and clayey sand with minor silt or clay interbeds.

Silty sands are predominant in central valley areas with grav-

elly sands and gravels increasing near mountain fronts.

Results of seismic refraction and electrical resistivity sur-

veys are summarized in Table 4-4. Characteristics of the sub-

surface soils, as determined from field and laboratory tests,

are presented in Table 4-5. Gradation ranges of subsursurface

soils are shown in Figure 4-8.

Below 10 feet (3 m), granular soils are dense to very dense and

exhibit high shear strengths. Soils are mostly poorly graded

with local, well-graded intervals. The granular deposits are

typically nonplastic with random medium to high plasticity

clayey sand layers. Fine-grained soil interbeds are of stiff

to hard consistency with a plasticity range from none to medium.

Soil layers with moderate to well-developed calcium carbonate

cementation occur intermittently, but continuously cemented

subsrils were not encountered.

-T=no NATUENAL, O.N
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P-25 CS-30 B-2 CS-28
ELEV.1240' ELEV.1360' ELEV,1350' ELEV.1426 °

(378m) (415m) (41 lp) (435m)

SP SM

2{ L

3 .10

SM

15

C12

C4 

5

Z- 6-.20
m z/

-- ,,- EXPLANATION

-7

B - Boring

25 T - Trench
X ML P - Test Pit

8. CS - Surficial soil sample at Cone P

Test location

910
30 

STATUTE NILES

, KI LOMETERS-10-

35 SP-SM

NOTES:

SO. SF-S11. $iSP,S.CL AND SM 1. Ground surface ela
To T.O. te.0- (49.3m) 2. TD.= Total Depth.

3. Soil types shown

Classification Sys

to AUG 7e
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0
CS-37 P-23 6-1 CS-40 P-24

ELEV. 1810 ELEV.1870" ELEV.1927' ELEV.168' ELEV.2030'
(552m) (570m) (587m) (60O0) (61gm)

_____ - 4T T I I] - __0

LOCATION MAP 
LI

SIP

lo

C.-

Sc

U

Is 4

~15'

0- -

a .

25,

e at Cone Penetrometer

HORIZONTAL SCALE 30

TUTE MILES 0 1 2

KILMllETERS SM AND SP-SN

TO T,. 161 .0- (49.1 m)

face elevations shown at activity locations are approximate. SOIL PROFILE I-'
I Depth. VERIFICATION SITE, BUTLER C3i

shown adjacent to soil column are based on Unified Soil
tion System (USCS) and are explained in the appendix. MI SITING INVESTIGATION

DEPARTMENT OF THE AIR FORCE SA4

.___ __ _o NATION---.

e "712



CS-31 P-23 B-1 CS-40 P- 24
ELEV. 1810 ELEV.1670' ELEV.19271 ELEVJSBB8 ELEV.2030'

________ (552rn) (570.) (587m) (600.) (6196)

su JSP SM

MAP
-2

sp

I -

uca

cc C

CM

g .5c

2O-

I-T

RIZONTAL SCALE Oi
2

1 2 3
SM AND SP-SM

TO t. 181 .0 (49.1.m)

At activity locations ate approximate. WiL PROFILE I-I'
VERIFICATION SITE. NYLER 0OP, ARIZONA

eI celuwi are based en Unified Sail
Ar ex Splained in the appendix. 01 SJING INVESIHGAIIO

I)EPARIVENT OF TME AIR FORCE SANSC 4-3
___________ _EM O______ __________



I
0
CS-49 CS -45 P-17 CS-43 CS- 16

ELEV 1770. ELEV 1830' ELEV 1895' ELEV. 1945' ELEV 105" ELEV.
(539m) (558m) (578m) (593m) (605m) (

L 5 SP- SN

LOCATION MAP

3-10
3".8l-

ShJW

4I,-

-15

6 22

= m!

S= I

.- 2" 7"

EXPLANATION
"25

B- Boring
T - Trench
P - Test Pit

CS - Surficial soil sample at Cone Penetrometer

930 Test location

STATUTE MILES 0

KILOMETERS 0

NOTES:
I. Ground surface elevations shown at

2. T.D.= Total Depth.

3. Soil types shown adjacent to sell
Classification System (USCS) Ind

1O AU 7(



P-Is CS-is P-19 CS -20 CS-21 P- O
CLEV Z045' CLEW 2115' ELEV 2170' ELEV 2210' ELEV 2260' ELIEV 2288'

(823m) (845m) (66Im) (074m) (6690) (695)

LI ECL P-I SUT J .

-1

111P GP $ -

-2

ION MAP

- 7

20

1 2

SOIL PROFILE 2-2S

Is shown at activity locations age approximate. VERIFICATION SITE, UTLR COP, ARIZONA

I1 to soil column are based on Unified Soil 1 SITING INVESTIGATION

tiS) and are explained in the appendix. oP TH AIR FORCE SASO 4-4
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P-16 P-15 CS-46 CS-49 P-14 CS-51
ELEV 1840' ELEV 1770' ELEV. 1765* ELEV 1770' ELEV 1790' ELEV 1810'

(5elM) (539m) (538m) (539m) (54em) (552m)

iT Gc .m s
T W1ML,1CL-SC

1 -10 EXPLANATION

B - Boring
T - Trench

' 4- P - Test Pit
J CS - Surficial soil sample at Cone Penetrometer

0= 5 5Test location

6 20 HORIZONTAL SCALE

= STATUTE MILES 0 I 2

KILOMETERS 0 12 31 -7

-25I o.

30

NOTES:
I. Ground surface elevations shown at activity locations are app
2. T.D,= Total Depth.
3. SoiI types shown adjacent to soil column are based on Unified

Classification System (USCS) and are explained in the appendi

'] 1o AUG 70



CS-51 CS-52 P-13 CS-54 P-12 CS-2 P-1i
V 1810 ELEV 1S20' ELEV 1840' ELEV. 1880' ELEV 1930 ELEV 1985 ELEV 2030-
(552m) (555m) (56 1m) (573m) (588m) (605m) (619m)

H s SNSPSN5Jm ML . M Su MSP-s

CL

51

LOCATION MAP I

40 3
lu-Z

3 
F 0

' 20.6 ,=

1

25

-8

3' 4E

301

Ions are approximate. SOIL PROFILE 3-3'
VERIFICATION SITE, BUTLER COP, ARIZONA

on Unified Soil ,sutl

the appendix. 
V1 SITING INVESTIGATION

tOEPAR1MrNT OF THE AIR FORCE SANSO 1 4-5
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P-7 CS-14 B-5 CS- 12 P-5 CS -I0 P-8
ELEV. 1680* ELEV 1600' ELEV 1560' ELEV 1530' ELEV. 1510' ELEV. 1550' ELEV. 1580'

00(512m) (480m) (475.) (466o) (460s) (471m) (42s)

CL Ns OCTO
SI s

2-
sp -s.

4-4
UU.

cc 4

&4 AJ

-b 7

* EXPLANATION

25 sp -S Bu - Boring

a- T - Trench
P - Test Pit

CS- Surtlcial soil sample at Cons Penetrometer

9 30Test location

SM NOR

10. STATUTE MILES 0

KILOMETERS 0

-35
SAP-SM.W.SP-SM and SM
to T.D. 161.5* (49.2m)

NOTES:
1. Ground surface elevations shown
2. T.O.= Total Depth
3. Soil types shown adlecont to so

Classification System (USCS) a
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P-a CS-a - CS -6 p-1o 0-3 CS-4
Iv. 15401 ELEV 1650' ELEY 17 10* ELEV 1770' ELEY 1820' ELEV. 1030' ELEV 2840*
(4820) (503m) (521m) (539m) (555.) (508m) (622m)

sm SSIP

N L

.2
LOCATION MAP

C0,

- o-
I.'

Laa

4

sr-SMli
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.5 C-1

C2 20-

25-
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HORIZONTAL SCALE

O I 2

to 1.D. 11.71 (49.om) 35

SOIL PROFILE 4-4'

ations shown at activity locations are approximate. VERIFICATION SITE, OMlEN C"P. ARIZONA

jucent to soil column are based on Unified Soil 01 SITING INVESTIGATION F1411111
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I0

CS-66 P-1 CS-64
ELEV. 1350 'ELEV 1350- ELEV. 1360-

0--0 ( 1 IM)(411m) ( 1m

-2-4js [ ' LOCATION MAP

i 3--10

4-

I- 15

=

i .=

-- EXPLANAT ION

S 7- 
B - Boring
T - Trench

.25 P - Test Pit

I- CS - Surficial soil sample at Cone Peneutometu

Test locationI
9- HORIZONTAL

STATUTE MILES 0

KILOMETERS 0

NOTES:
I. Ground surface elevations shown at acti
2. T.D.=Total Depth.
3. Soil types shown adjacent to soil cOf

Classifications System (USeS) and ate 0
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P-2 CS-61 P-3 CS-63
ELEV 1680' ELEV 1740' ELMW 100' ELEV 1240'
(512m) (530m) (549m) (591M) 0

su s-a-
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MAP t5tl

-2

CO*S10-'3

15 -
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25-

ORIZONTAL SCALE 
30-'

I 2

i i .i
2 U-

on at activity locations are approximate. SOIL PROFILE 5-5'
VERIFICATION SITE, BUTLER COP. ARIZONA

soil coiumaJs based on Unified Soil
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DEPTH RANGE 2' - 20' (0.6 - 6.0m)

Coarse-grained soils Fi

SOIL DESCRIPTION Sandy Gravels, Gravelly Sands. Sands.

Silty Sands and Clayey Sands Sandy S
I

USCS SYMBOLS GP, GM, SP, SM and SC ML and C

ESTIMATED EXTENT IN SUBSURFACE 90-95 5-10

PHYSICAL PROPERTIES

DRY DENSITY pcf (kg 'M3 ) 1062-132 3 [14 93.0-l00

____________________________17____0 (1- 2119t (1490-

MOISTURE CONTENT 1.2-14,3 [20] 10 6.-.

DEGREE OF CEMENTATION none to moderate none to

COBBLES 3-12 inches (B-30 cm) 0-10 0

GRAVEL 1-61 [1]0-1

SAND 26-98 [6]13-49 3 49

SILT AND CLAY 1-46 16] 50-87

LIQUID LIMIT 42-74 [2] 28

PLASTICITY INDEX 27-46 [2] 15

1260-5700

COMPRESSIONAL WAVE VELOCITY fps (mps) (384-1137) 1,61 HDA

SHEAR STRENGTH DATA

UNCONFINED COMPRESSION S, - ksf (kN. M2) NDA NDA

TRIAXIAL COMPRESSION c - ksf (kN'm 2), Vo NDA NOA

DIRECT SHEAR c - ksf (kNIm 2), ,o C=G 6-1 4 1=35 38 [i0] NDA
(29-67)

NOTES: .f]
* Characteristics of soils between 2 and. 20 feet (0.6 and 6.0 meters) are

based on results of tests on samples from 5 borings, 5 trenches, and * NDA
25 test pits, and results of 16 seismic refraction surveys.

0 Characteristics of soils below 20 feet (6 0 meters) are based on results

of tests on samples from 5 borings and results of 15 seismic refraction

surveys.

i tO AUG 79



- 6.0m) 20' - 160' (6.0 - 49 .,1

F~ne-gijined soils Coarse-grained soils .. :

Sine Sills and Sandy Clays Gravelly Sands. Sands, Silty Sands, : : -
and Clayey Sands

ML L S S, SP. SM and SC ML

5 t o 90 95 : '

920 '1

9 0 110 [ 96.8 137 0 ,C -

________9T_____ (1551 2194) -,

10 16[a 3 3 : 2 1 8 1

n, C,,e to ,eJk none to modeiate

0 0 10

0i 1 [41 416 Ci

13 49 4] 41 9.1 [l

50 87 [4 4 49 ] 70

28 I]37 46 71 3-

,1 5] ,o 26 71 13

2050 59!10 93 ,10 rt
NCI 625 1814) (2850

NDA NDA NDA

NOA NOA NOA

NDA C 0t2 1 :6 40 NDA
(0 ill

L [1 - Numier ol tests performed. CHARACTERISTICS OF SUBSURFACE SOILS

SNDA - No data availale (insuff icient data or tests not pertoiet)d VERIFICATION SITE. BULER COP. ARIZONA

MT SITING INVESTIGATION TABLI
DEPANIME:NT Of THE AIR FORCE SAMSO 1 4-5

'n NATIONAL, INO.
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Seismic refraction surveys reveal considerable velocity varia-

tion in subsurface soils with no cross valley layers of near

uniform velocity apparent below the first (surficial) layer.

First-layer seismic wave velocities range between 1260 and

2050 fps (384 and 625 mps) with a layer depth between 5 and

18 feet (2 and 5 m) below the ground surface. Below the first

layer, coarse-grained soils have a seismic wave velocity range

between 2050 and 5950 fps (625 and 1814 maps). One deep ce-

mented clay layer had a seisric wave velocity of 9350 fps

(2850 mps). These variable seismic wave velocities indicate

nonuniformity in subsoil density and cementation.

Electrical resistivity profiles for the Butler Site show a gen-

eralized profile of three distinct resistivity layers. The

middle layer displays higher resistivity than either the upper

or lower layers, indicating salt concentration in the upper

and lower layers from leaching. Electrical conductivity of

the soils in the upper 50 feet (15 m) ranges from 0.0040 to

0.0487 mhos per meter (average 0.0141 mhos per meter). All

measured electrical conductivities in the upper 50 feet equaled

or exceeded the minimum value of 0.004 mhos per meter specified

in the Fine Screening criteria. Chemical test results indicate

a negligible to mild potential for sulfate attack of soils on

concrete.

4.6 TERRAIN

Terrain conditions are depicted in Drawing 4-3. Categories I

through V correspond to younger and intermediate age alluvial

ian= NATIONAL, INO.
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fan deposits. Where stream incision is extreme and topography

highly variable, as in the Date Creek area, terrain conditions

are unsuitable and have been excluded (category VII). Terrain

category VI generally applies to areas of complex and irregular

terrain such as dune areas in western Butler.

Drainage in the western part of the site is to the southwest

via Cunningham Wash into Ranegras Plain. Elevations along

the valley axis range from 2000 feet (610 m) along the south

flank of the Little Buckskin Mountain to 1300 feet (397 m) in

the extreme southwest at the pass into Ranegras Plain. Drain-

age in the eastern portion of Butler CDP is to the northwest

via Date Creek into the Santa Maria River.

Younger and intermediate alluvial fans (terrain categories I

and II), exhibiting incisions generally less than 6 feet (2 m),

dominate western Butler Valley. Drainage spacing varies from

four to ten drainages per mile and average slope is 2 to 3 per-

cent. Terrain in eastern Butler (Date Creek area) is more vari-

able and approximately 50 percent of the area is unsuitable.

Excluded areas are generally highly dissected older lacustrine

and older alluvial fan deposits. Stream incision depth and

spacing in the remaining suitable area is variable, although

slopes are generally less than 5 percent.

4.7 DEPTH TO ROCK

Generalized depth to rock contours are shown in Drawing 4-4.

1 m Where no subsurface data were available, contours were drawn by

• I extrapolation from areas with data based on similarities in

41On NATIONAL. INC. I
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geologic conditions. Approximately 3 to 5 percent of the

area is underlain by rock less than 150 feet (46 m) deep and an

additional 3 to 5 percent by rock less than 50 feet (15 m).

Depth to rock contours are generally close to the mountain

fronts everywhere throughout Butler Valley as determined from a

projection of the topographic slope. Data indicate that rock

dips steeply under alluvial deposits except in valley reentrants

where numerous low outcrops are commonly found. Thus, many

embayments along the mountain fronts have been excluded based

on the probability of rock at less than 50 feet.

4.8 DEPTH TO WATER

Drawing 4-5 shows the approximate configuration of the 150-foot

(46-m) depth to water contour in the Butler Site. Data repre-

sent water levels in the unconfined alluvial aquifer. Interpre-

tations are based on sparse but current data in Briggs (1969),

U.S. Geological Survey (1975 and 1978), Wilkins and Webb (1976),

and U.S. Bureau of Reclamation (1978).

Water is present at depths exceeding 150 feet below ground sur-

face throughout most of the site with local occurrences in ex-

cess of 700 feet (214 m). Shallow water, between depths of

50 and 150 feet, occurs only in the southwestern part of the

site at the pass into Ranegras Plain. This area constitutes

less than 5 percent of the site. All available data suggests

that there is no Lppreciable ground water at depth less than

50 feet. It may occur as small isolated pockets of perched

T JMaes NATIONAL. INO.
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water within the basin-fill deposits. Ground water is used to

irrigate farmland in southwestern Butler but otherwise is not

utilized.

4.9 RESULTS AND CONCLUSIONS

4.9.1 Suitable Area

Resulting suitable area as defined by FY 79 Verification studies

in the Butler Site is shown in Drawing 4-6. The site contains

approximately 245 mi2 (640 km2 ) of usable area for a hybrid

trench or horizontal shelter basing mode and 225 mi2 (585 km2 )

for a vertical shelter basing mode. These results are sig-

nificantly different from those reported in previous Inter-

mediate/Fine Screening Studies due chiefly to terrain exclu-

sions in the Date Creek area of eastern Butler. Additional

shallow rock and water exclusions did not substantially reduce

the total suitable area.

4.9.2 Construction Considerations

In this section, geotechnical factors and conditions which

would affect the construction of the MX system in the suitable

area are discussed. Both the hybrid trench and vertical shelter

basing modes are considered.

4.9.2.1 Grading

Surficial slopes in the Butler Site range from 0 to 5 percent

(average about 2 percent), thus requiring minimal preconstruc-

tion grading for roads and trenches.

-"a NATIONAL. IN.
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4.9.2.2 Roads

Surficial soils exhibit low strength to an average depth of

4 feet (1.2 m) with a maximum depth approaching 9 feet (2.7 m).

The subgrade supporting properties of low-strength, coarse-

grained soils are inadequate but can be sufficiently improved by

mechanical compaction. Compaction to an approximate depth

between 2 and 3 feet (0.6 to 0.9 m) appears necessary with

Ideeper compaction required in about 20 percent of the site.

Based on results of laboratory CBR tests, compacted coarse-

grained soils will provide fair to very good subgrade support

for roads.

Due to the infrequent presence of fine-grained soils in the

surficial zone, few roadway sections 4111 be underlain by these

soils. Where present, fine-grained soils will probably be in-

adequate for direct support of roadways. Therefore, required

support can be attained by using a select granular subbase layer

over the compacted fine-grained soil subgrade. As an alterna-

tive, fine-grained soils could be partially or totally removed,

depending upon their thickness, and replaced by a sufficient

thickness of coarse-grained soil to obtain the required subgrade

support.

Coarse, gravelly sands or sandy gravels from intermediate

alluvial fan and recent channel deposits will prove suitable as

a subbase material when the fines content (passing a No. 200

sieve) is less than 25 percent. Well-graded gravels or gravelly

sands with minimal fines may prove acceptable as a source for

l O NATIONAL, INO.
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processed base course materials, but the extent of such materi-

als is unknown.

In western Butler, incision depths range between 1 and 6 feet

(0.3 and 1.8 m) with an average of less than 3 feet (0.9 m) in

over 90 percent of the suitable area. Areas with drainage

depths exceeding 6 feet are restricted to a very narrow zone

around the basin margin. Areas of unsuitalbe terrain and

deeply incised major drainages (Date Creek and Santa Maria

River) have dissected eastern Butler, leaving only isolated

parcels of suitable terrain. Average incision depth in the

suitable terrain of eastern Butler is approximately 6 feet

(1.8 m) with maximum incision more than 15 feet (4.6 m). Cost

of drainage structures would be low in western Butler but moder-

ate to high in eastern Butler.

4.9.2.3 Excavatability and Stability

Subsurface soils in the suitable site area are predominantly

4 coarse-grained with fine-grained soils estimated in less than

10 percent of the construction zone. Subsurface soils are

generally dense to very dense below 10 feet (3 m), and variable

cementation is present in all areas.

Hybrid Trench: Compressional wave velocities in the upper

20 feet (6 m) indicate easy to moderately difficult excavation

in most of the suitable area with difficult excavation estimated

in approximately 15 percent of the area. MX trenchers could be

used to exLavate continuous trenches suitable for cast-in-place

construction. Because of low-strength surficial soil, the top

T ORO NATIONAL, ONO.
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2 to 5 feet (0.6 to 1.5 m) in trench excavations will probably

have to be sloped back for stability. Below this zone, vertical

trench walls are expected to remain temporarily stable in most

of the suitable area. In localized remaining areas, the appar-

ent cohesion and/or degree of cementation of the subsurface

soils may be inadequate to provide temporary stability for

vertical cuts. Therefore, trench walls in these areas will have

to be shored or sloped.

Vertical Shelter: Within the depth of excavation for vertical

shelters, results of our investigation indicate that large

diameter augers could be used for vertical shelter excavation

with difficult excavation expected in approximately 10 percent

of the subsurface. Most excavations will be in granular soils

with only intermittent cemented or cohesive soil intervals.

Vertical shaft walls to depths of 120 feet (37 m) will require

shoring or the use of a stabilizing technique.

Irn NATIONAL. 
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0 E£XPLANATIWN

SURFICIAL BASIN-FILL UNITS

SYounger Fluvial Deposits - Modern stream channel and flood-plain depositl
sand and gravelly sand (SP) and Alg, sandy gravel (GP)

A Eallan Deposits - Windblown sand (SP) in stabilized dunes.

AOt Older playa'and Lacustrine Deposits - Older playa and lake bed deposits

silt (IL1), clay (CL) and moderately cemented silty sand (SM) and sand (S

. ". Younger Alluvial Fan Deposits - Active, younger alluvial fan deposits of
A: sand and gravelly sand (SM) and A5yg, sandy gravel (GP, GM).

As Intermediate Alluvial Fan Deposits - Inactive, intermediate age alluvial
iASs, weakly cemented silty sand and gravelly sand (SM) and A5ig, weakly

Ij Older Alluvial Fan Deposits - Older, highly eroded alluvial fan deposits

silty sand and gravelly sand (SM) and A5og, weakly cemented sandy gravel

ROCK UNITS

Igneous ()

. i Granite, quartz monzonite, granodiorite, and quartz diorite

..21 Intermediate flows and turfs,chiefly andesite.

F13 1 Basalt

Sedimentary (S)

-- s Afkosic conglomerate, sandstone, and siltstone.

. Ietamorphic (I)

. 6A.... neiss,local sehist and granite.

A5os/A4of Combination of geologic unit symbols indicates a mixture of either surfli

basin-fill or rock units inseparable at map scale.
,' .

A5ys (2) Parenthetic unit underlies surface unit at shallow depth.

SYMBOLS

° -. 2 ______ Contact between rock and basin-fill.

- Gentact between surflicial basin-fill er rock units.
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ICIAL BASIN-FILL UNITS

Modern stream channel and flood-plain deposits of: Als,
end At. sandy gravel (GP).

sand (SP) in stabilized dunes.,

Deposits - Older plays and lake bed deposits of interbedded
deretely cemented silty sand (SM) and sand (SP).

ts - Active, younger alluvial fan deposits of: A~ys, silty
and A5yg, sandy gravel (GP, G).

Deposits - Inactive, intermediate age alluvial fan deposits of:
ty sand and gravelly sand (SM) and A5ig, weakly cemented sandy gravel (ON).

s - Older, highly eroded alluvial fan deposits of: Aos, weakly cemented
d (SK) and A5o, weakly cemented sandy gravel (G).

ROCK UNITS

gianodiorite, and quartz diorite

Ifs,chietfly andesite.

dstone, and siltstone.

rite/

*nit symbols indicates a mixture of either surficial
inseparable at map scale. SCALE 1:125,000

is surface unit at shallow depth. 0 2 4
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;. . .-,,.. ,-t Older plays and Lacustrine Deposits - Older playa and lake bed deposits of

silt (1L), clay (CL) and moderately ceented silty sand (SN) and sand (SP).

; [.. Younger Alluvial Fan Deposits - Active, younger alluvial fan deposits of:
sand and gravelly sand (SM) and A5yg, sandy gravel (GP, GN).

A~is Intermediate Alluvial Fan Deposits - Inactive, intermediate age alluvial fl
Ais, weakly cemented silty sand and gravelly sand (SM) and A5ig, weakly c,

'~ Older Alluvial Fan Deposits -Older, highly eroded alluvial fan deposits of
A ...;g silty sand and gravelly sand (Si) and A5og, weakly cemented sandy gravel (I

J4 ROCK UNITS

Igneous (I)

7 ... Granite, quartz monzonite, granodiorite, and quartz diorite

1.2. Intermediate flows and tuffs,chiefly andesite.

13 I Basalt

Sedimentary (S)
5Ar kosic conglomerate, sandstone, and siltstone.

Metamorphic (H)

• . Gneiss, local schist and granite.

A5os, A4of Combination of geologic unit symbols indicates a mixture of either surficial
basin-fill or rock units inseparable at map scale.

A5ys (2) Parenthetic unit underlies surface unit at shallow depth.

SYMBOLS

_ Contact between rock and basin-fill

/ - Contact between surficial basin-fill or rock units.

NOES: 1. Surflcial basin-fill units pertain only to the upper several lest of soil Oue to va
surficlal deposits and scale of map presentation, unit descriptions reftr to the prod
sell types. Varying amounts of other soil types can be epacted within each geologic

2. The distribution of geologic data stations is presented in Volume l. Grawing I I
all station data and generalized description of all geologic units is included in Vol

/ Section I.0.

/ 3 Geology In areas of exposed rock for Sherborne et. al. (
1
979) and Wilson ot. @I, (itl

/r/



sand (SP) in stabilized dunes.,

Deposits - Older playa and lake bed deposits of interbedded
deately cemented silty sand (SM) and sand (SP).

ts - Active, younger alluvial fan deposits of: APys, silty
and A5yg, sandy gravel (6P. GM).

.Deposits - Inactive, intermediate age alluvial fan deposits of:
y sand and gravelly sand (SM) and A5ig, weakly cemented sandy gravel (GM).

a - Older, highly eroded alluvial fan deposits of: A5os, weakly cemented
d (SM) and Aog, weakly cemented sandy gravel (GM).

ROCK UNITS

gianodiotite, and quartz diorite

fs,chiefly andesite.

s8tone, and siltstone.

anite.

lit symbols indicates a mixture of either surficial
Inseparable at map scale. SCALE 1:125,000

9surface unit at shallow depth. 0 2 4

SYMBOLS STATUTE MILES
0 2 4

lsin-fill. KILOMETERS

basin-fill or rock units.

lain only to the upper several feet of soil. Due to variability @l
Of mop Presentation, unit descriptions refer to the predominant
18 Other soil type$ can be expected within each geologic unit

dlat stations is Presented in Volume XI. Orawing I A tabulation of SURFICIAL GEOLO IC UNITS
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/ I Less than 3 test (1m)

EL 3-6l fist (1-2m)

Al B-10 feet (2-3m)

31I 10-15 feet (3-5m)

I! Greater than 15 feet (5m)

IT Complex, highly variable terrain
not defined by drainage Incision
(e.g. dunal or hummtocky terrains).

Unsuitable terrain
(see Appendix A2.0, Exclusion Criteria)

- ~~~Cntact between terrain categories.SCL

0
L \/~M* Contact between rack and basin-fill. sr

* Shading indicates areas of isolated exposed rock.

NOTE: Data used in constructing this map are from: (1) field obsurvat ions,
I t~(2) 1:112,500 USGS topographic maps. and (3) 1:62.500 and 1:25.000

&afer photographs. Oue to scale Of presentation and Variability~of
terrain conditions, this map Is generalized.
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E XPLANAT ION

Category - -- 11 3 - - - Drainage spacing, i.e. the maximum number
bis below) of drainages of the corresponding category

occuring in a random traverse of one
statute mile (1.8km)

CATEGORY. DRAINAGE DEPTH 'DESCRIPTION

I Less than 3 feet (1w),

fl 3-6 feet (1-2w)

MI 6-10 feet (2-3m)

II 10-15 feet (3-5m)

I Greater than 15 feet (5m)

II Complex, highly variable terrain

not defined by drainage Incision
(e.g. dunal or hummocky terrains).

111 Unsuitable terrain
(see Appendix A2.0, Exclusion Criteria)

Contact between terrain categories.SCL 1:2.0

02 4
Contact between rock and basin-till. STATUTE *ILU

0 2 4
Shading indicates areas of isolated exposed rock.No=

KILOMETERS

NOTE: Date used in constructing this map are from: (1) field observations,
(2) 1:02.500 Uses topographic maps. and (3) 1:82.500 end 1:25,000
serial Photographs. Do* to scX1e Of presentation and variabilty of
terrain conditions, this map Is generalized.
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EXPLANAT ION

Terrain Category M-11 3 --- Drainage spacing, iVe. tha iaaziu u mber
(Sem table below) of drainages of the couresponding category

~ ~ occuuing in a random traverse of one
2 statute mile@ (I18km)

TERRAIN CATEGORY. DRAINAGE DEPTH 'DESCRIPTION

I Less than 3 feet (Ii)

H 3-6 feet (0-20)

flI 8-10 feet (24-m)

it 10-15 feet (3-5m)

I Greater than 15 feet (50)

_1 Complex, highly variable terrain

not defined by drainage Incision/
(e.g. dumal at humocky terrains).

iiii Unsuitable terrain
(see Appendix A2.0, Exclusion Criteria)

- Contact between terrain categories. SCALE 1:125.011

0 2
a-o%0o Contact between rock and basin-fill.STUEILS

Shading indicates areas of isolated exposed rocr. I UTR

NOTE: Data used in constructing this map ate from: (1) field observations,
1)'. (2) 1:62,500 USGS topographic maps. and (3) 1:62.500 and 1:25.000

A ~aerial photographs. Due to scale Of Presentation and vatiabiiityvef
..... .terrain conditions, this map is generalized.
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EXPLANATION

in Category M-- -lE 3 -- - Drainage spacing, i.e. the maximum number
table below) of drainages of the corresponding category

occuring in a random traverse of one
statute mile (I Skm)

AIN CATEGORY DRAINAGE OEPTH 'DESCRIPTION

I Less than 3 feet (1m)

11 3-6 feet (1-2m)

MI 6-10 feet (2-3m)

11 10-15 feet (3-5m)

T1 Greater than 15 feet (5m) ,

I] Complex, highly variable terrain
not defined by drainage Incision
(e.g. dunal or hummocky terrains).

M Unsuitable terrain
(see Appendix A2.0, Exclusion Criteria)

0 Contact between terrain categories. SCALE 1:125.000

0 2 4

Contact between rock and basin-fill. STATUTE MILE:

0 2 4
-- Shading indicates areas of isolated exposed rock.

KILONETERS

NOTE: Data used in constructing this map are from: (1) field observations,

(2) 1:62,500 USGS topographic maps, and (3) 1:62,500 and 1:25,000

aerial photographs. Oue to scale of presentation and variability.of

terrain conditions, this map is generalized.
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* EXPLANATION

Contour indicdte rock at a depth of approximatly

50 lost (15m) - shading indioatesrfock Idu
than 50 feet (15m).

Contour indicales rock at a depth of aptoximatey

,,,--150-" 150 feet (46m) - hachuring Indicates rock less
thai, 150.feet (40m)

Contact between rock and basin-fill.

Shading indicates areas of Isolated exposed rock.

Data Source - Fugro boring (B), seismic refractien
line'(S). electrical resistivity sounding (U).

N.:" >or water well (W).

Depth to rock (feet) or, when in parentheses, depth
above which rock does not occur (feet),

NOTE: Th contours are based on eoogic intefppetattoe
ind the limited date points shown on the mp. Some

'i fl :changes in contour locations Gait be espoctod so

- , .. ""additional data are obtained.
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0otv loiae r eek at a depth of spoeseliy
15 0 150 fell (480) b5U5lle 3aW cta okls
I50 ~ that, 150-feet (45.)

Contact between rock and basin-fill.

~ Shading indicates areas of Isolated exposed rook.

Data Source -Fugro boring (B), seismic retraction
13 line tS). electrical resistivity sounding (ft),

or water well MW.
Depth to rock (fist) or. when in parentheses., depth

is' above which rock does not occur (feet).

NOTE: Tb. contours ala based on geologli tfut~ia
and the limited date Poitls shown on the Mo. some

.. t. changes in contest locations earn be impated as
- additional data are obtained.
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EXPLANATION

Contour indicates ground water at a depth of approximately
5o 50 4feet (15u)-queried where data are extremely spars.

~ ;~j1Shading indicates less then 50 feet (15m) to ground water.

* ~ ,~a Contour Indicates ground water at a depth of approximately
150 feet (46m)-quetied where data are eltremely sparse.
Hachuring Indicates less than 150 feet (46m) to ground water.

~ woo4 Contact between rock and basin-fill.

~ Shading Indicates areas of isolated exposed rock.

0 Data sourse-Fugro boring (B),seismic,
012117 refraction tine (S).electrical resistivity Year of water

risounding (R),or water well (W) see Volume I[ level measurement
Section 2.0._ _ _ _ _ _

frDepth to water (feet) Depth of well (feet)

NOTE: The contours are based entirely on the data points shewn on the map.
it; Extensive interpretation has been used and It can be expected that

contour locations will change as additional data are obtained.

SCALE 1:125,000

-- 02 4rSTATUTE MILES



/ 3

4f' ni

'>44 545

I"we

I , 1 I7W9 
1 7

9p 114

~x' V -1

. '.J.



-~~~~ 

3 
;~ 1

? l

700...

Y_ 4
/T F

3.-4*M.00

W 7 7* 
) '

9??

W1

-, 176

' -~-i015



lip'

<V.... joI- 4

(~4'1

rir"IS 
.

-,- if

- -0

Ilk..

411

1/ .4/ 

.



x.\.\ Contour indicates ground water at a depth of approximately
o , -50 feet (159)-qaetled where data are extremaly Spaes.

Shading indicates less than 5O tost (15m) to ground water.

1 "Contour indicates ground water at a depth of approximately. '- 10 ,150 feet (46m)-queuied where data are extremely sparse.
Hachuring Indicates less than 150 feet (46m) to ground w:ter.

___._.___________.Contact between rock and basin-fill.

~ Shading Indicates areas af isolated exposed rack.

Data sourse-Fugro boring (B),seismic
j 1211973 refraction line (2),ectrcal resistivity Year of water

751700 sounding (R).ar water well (W); see Volume ]1 level measurement
'Xi Section 2.0.

Depth to water (feet) Depth of well (feet)

NOTE; The contours are based entirely on the data points shown on the map.
Extensive Interpretation has been used and it can be expected that
contour locations will change as additional data are obtained.
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EXPLANATIONl

Acea suitable foir hybrid trench ad Vertical shelterF7 basing modes. Depth to rock and water gieater them
~~ 150 feet (4m.).

Area suitable for hybrid trench and not suitalb*e lot
vertical shelter Depth toareck'ad water greses

~'-than 50 feet (1%) and Iesi it "Ill feilt (4ft.

Area unsuitable for both hybrid trench and verticalU sheltet basinj modes as determined from application
at1 depth to iock and water, tepogoiphic/tsuain, and
Cuftural exclusions.

Indicates areas of exposed rook.

- ______ Contact between rock and basin-fill.

NNOTE: See Appendix A2.0 Table A2-1 lot details regarting evitable criteria.
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Area suitable foir hybrid trench and vertival sheltor
1- ZI basing *odqs. Depth to tock and watsir greater them

C. f~5l feet (411).
A Area suitable for hybrid trench and not suitabe IN

vertical shelter Depth ta'ireck' aid wates greabe
~ ~AQ(~~'-than 50 feet (1%) and Iessei " "1 ft (400~.

J-1

~, ~Area unsitable far both hyb~rid trench and vertcal
/ shelter basin; modes as determined Itom applicattn

01 depth to look and water, tepogtiphic/teaisn, and
j cultural exclusions.

/ Indicates areas of exposed rook.

Contact between rock and basin-fill.

NOTE: See Appendix £2.0 Table A2-1 for details regarting suitable criteria.
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A1.0 GLOSSARY OF TERMS

ACTIVE FAULT - A fault which has had surface displacement within

Holocene time (about the last 11,000 years).

ACTIVITY NUMBER - A -esignation composed of the valley abbrevi-
ation followed by the activity type and a unique number;
may also be used to designate a particular location in a
valley.

ALLUVIAL FAN DEPOSITS - Alluvium deposited by a stream or other
body of running water as a sorted or semisorted sediment
in the form of a cone or fan at the base of a mountain
slope.

ALLUVIUM - A general term for unconsolidated clay, silt, sand,
gravel, and boulders deposited during relatively recent
geologic time by a stream or other body of running water
as a sorted or semisorted sediment in the bed of a stream
or on its flood plain or delta, or as a cone or fan at
the base of a mountain slope.

ANOMALY - 1) A deviation from uniformity in physical properties;
especially a deviation from uniformity in physical proper-
ties of exploration interest. 2) A portion of a geophysi-1cal survey which is different in appearance from the survey~in general.

APPARENT RESISTIVITY (See Resistivity) - The ground resistivity
calculated from measurements and a geometric factor (based
on homogeneous and isotropic ground). This value includes
the effect of all material influenced by the current
induced into the ground and does not necessarily represent
the true resistivity of any particular material or zone.

AQUIFER - A permeable saturated zone below the earth's surface
capable of conducting and yielding water as to a well.

ARRIVAL - An event; the appearance of seismic energy on a seis-
mic record; a lineup of coherent energy signifying the
arrival of a new wave train.

ATTERBERG LIMITS - A general term applied to the various tests
used to determine the various states of consistency of
fine-grained soils. The four states of consistency are
solid, semisolid, plastic, and liquid.

Liquid limit (LL) - The water content corresponding to the
arbitrary limit between the liquid and plastic states of
consistency of a soil (ASTM D423-66).

Plastic limit (PL) - The water content corresponding to
an arbitrary limit between the plastic and the semisolid
states of consistency of a soil (ASTM D424-59).

=NO NATIONAL, INO.
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GLOSSARY OF TERMS (Cont.)I

Plasticity index (PI) - Numerical difference between the
liquid limit and the plastic limit indicating the range of

moisture contert through which a soil-water mixture is

plastic.

* £ BASIN-FILL MATERIAL/BASIN-FILL DEPOSITS - Heterogenous detrital
material deposited in a sedimentary basin.

BASE LEVEL - The theoretical limit or lowest level toward which

erosion constantly progresses; the level at which neither
erosion or deposition takes place.

BEDROCK - A general term for the rock, usually solid, that

underlies soil or other unconsolidated, surficial material.

BORING - A method of subsurface exploration whereby an open hole
is formed in the ground through which soil-sampling or

rock-drilling may be conducted.

BOUGUER ANOMALY - The residual value obtained after latitude,

elevation, and terrain corrections have been applied to

gravity data.

BOULDER - A rock fragment, usually rounded by weathering and

abrasion with an average diameter of 12 inches (305 mm) or
more.

BULK SAMPLE - A disturbed soil sample (bag sample) obtained
from cuttings brought to the ground surface by a drill rig
auger or obtained from the walls of a trench excavation.

c - Cohesion (Shear strength of a soil not related to interpar-
ticle friction).

CALCAREOUS - Containing calcium carbonate; presence of calcium
carbonate is commonly identified on the basis of reaction

with dilute hydrochloric acid.

CALICHE - Gravel, sand, or other material cemented principally
j by calcium carbonate.

CALIFORNIA BEARING RATIO (CBR) - Is the ratio (in percent) of
the resistance to penetration developed by a subgrade
soil to t' -t developed by a specimen of standard crushed
rock base naterial (ASTM D1883-73) . During the CBR test,
the load is applied on the circular penetration piston

*(3 inches 2 base area; 19 cm 2 ) which is penetrated into
the the soil sample at a constant penetration rate of 0.05
inch/ minute (1.2 mm/min). The bearing ratio reported

Jfor the soil is normally the one at 0.1 inch (2.5 mm)
penetration.

- n.o .ATNAL, Ia
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GLOSSARY OF TERMS (Cont.)!
CANDIDATE DEPLOYMENT PARCEL (CDP) - An area of 200 (520) to

660 square statute miles (1710 square kilometers) poten-
tially suitable for MX siting. Each parcel should have a
specific geographic description. (In the Basin and Range
Physiographic province a parcel may correspond to a geo-3 graphic valley and in Texas to some agri-economic unit.)

CLAY - Fine-grained soil (passes No. 200 sieve; 0.074 mm) that
can be made to exhibit plasticity within a range of water
contents and that exhibits considerable strength when air
dry.

CLAY SIZE - That portion of the soil finer than 0.002 mm.

CLOSED BASIN - A catchment area draining to some depression or
lake within its area, from which water escapes only by
evaporation.

COARSE-GRAINED (or granular) - A term which applies to a soil
of which more than one-half of the soil particles, by
weight, are larger than 0.074 mm in diameter (No. 200
U.S. sieve size).

COARSER-GRAINED - A term applied to alluvial fan deposits which
are predominantly composed of material (cobble) larger
than 3 inches (76 mm) in diameter.

COBBLE - A rock fragment, usually rounded or subrounded with an
average diameter between 3 and 12 inches (76 and 305 mm).

COMPACTION TEST - A type of test to determine the relationship
between the moisture content and density of a soil sample
which is prepared in compacted layers at various water
contents (ASTM D1557-70).

COMPRESSIBILITY-Property of a soil pertaining to its suscepti-
bility to decrease in volume when subjected to load.

COMPRESSIONAL WAVE -An elastic body wave in which particle
motion is in the direction of propagation; the type of
seismic wave assumed in conventional seismic exploration.
Also called P-wave, dilatational wave, and longitudinal
wave.

CONDUCTIVITY - The ability of a material to conduct electrical
current. In isotropic material, conductivity is the
reciprocal of resistivity. Units are mhos per meter.

S ~ s~m ATIONAL. 11N0.
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GLOSSARY OF TERMS (Cont.)

CONE PENETROMETER TEST - A method of evaluating the in-situ
engineering properties of soil by measuring the penetra-
tion resistance developed during the steady slow penetra-
tion of a cone (600 apex angle, 10-cm 2 projected area)

into soil.

I Cone resistance or end bearing resistance, qc - The resis-
tance to penetration developed by the cone, equal to the
vertical force applied to the cone divided by its horizon-
tally projected area.

Friction resistance, fs - The resistance to penetratonIdeveloped by the friction sleeve, equal to the verti-
cal force applied to the sleeve divided by its surface
area. This resistance consists of the sum of friction and
adhesion.

Friction ratio, fR - The ratio of friction resistance
to cone resistance, fs/qc, expressed in percent.

CONSISTENCY - The relative ease with which a soil can be
deformed.

CONSOLIDATION TEST - A type of test to determine the compress-
ibility of a soil sample. The sample is enclosed in
the consolidometer which is then placed in the loading
device. The load is applied in increments at certain
time intervals and the change in thickness is recorded.

CORE SAMPLE - A cylindrical sample obtained with a rotating
core barrel with a cutting bit at its lower end. Core
samples are obtained from indurated deposits and in rock.

DEGREE OF SATURATION - Ratio of volume of water in soil to
total volume of voids.

DETECTOR - See GEOPHONE.

DIRECT SHEAR TEST - A type of test to measure the shear strength
of a soil sample where the sample is forced to fail on a
predetermined plane.

DISSECTION/DISSECTED (alluvial fans) - The cutting of stream
channels into the surface of an alluvial fan by the move-
ment (or flow) of water.

DRY UNIT WEIGHT/DRY DENSITY - Weight per unit volume of the
solid particles in a soil mass.

ELECTRICAL CONDUCTIVITY - Ability of a material to conduct
electrical current.

SlmO NATIONAL. #NO.
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ELECTRICAL RESISTIVITY - Property of a material which resists
flow of electrical current.

EOLIAN - A term applied to materials which are deposited by
wind.

EPHEMERAL (stream) - A stream in which water flow is discontinu-
ous and of short duration.

EXTERNAL DRAINAGE - Stream drainage system whose downgradient
flow is unrestricted by any topographic impediments.

EXTRUSIVE (rock) - Igneous rock that has been ejected onto the
earth's surface (e.g., lava, basalt, rhyolite, andesite;
detrital material, volcanic tuff, pumice).

FAULT - A plane or zone of rock fracture along which there
has been displacement.

FAULT BLOCK MOUNTAINS - Mountains that are formed by normal
faulting in which the surface crust is divided into struc-
tural, partially to entirely fault-bounded blocks of dif-
ferent elevations.

FINE-GRAINED - A term which applies to a soil of which more
than one-half of the soil particles, by weight, are smaller
than 0.074 mm in diameter (passing the No. 200 U.S. size
sieve).

FINER-GRAINED - A term applied to alluvial fan deposits, which
are composed predominantly of material less than 3 inches
(76 mm).

FLUVIAL DEPOSITS - Material produced by river action; generally
loose, moderately well-graded sands and gravel.

FORMATION - A mappable assemblage of rocks characterized by
some degree of homogeneity or distinctiveness.

FREE AIR ANOMALY - Gravity data which have been corrected for
latitude and elevation (free air correction) but not for
the density of rock between the datum and the plane of
measurement (Bouguer correction).

FUGRO DRIVE SAMPLE - A 2.50-inch-(6.4-cm) diameter soil sample
obtained from a drill hole with a Fugro drive sampler. The
Fugro drive sampler is a ring-lined barrel sampler contain-
ing 12 one-inch-(2.54-cm) long brass sample rings. The
sampler is advanced into the soil using a drop hammer.

TWas NATIONAL. ON.
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GLOSSARY OF TERMS (Cont.)I
GEOMORPHOLOGY - The study, classification, description, nature,

origin, and development of present landforms and their
relationships t- underlying structures, and of the history
of geologic changes as recorded by these surface features.

GEOPHONE - The instrument used to transform seismic energy
into electrical voltage; a seismometer, jug, or pickup.

GRABEN - An elongated crustal block that has been downthrown
along faults relative to the rocks on either side.

GRAIN-SIZE ANALYSIS (GRADATION) - A type of test to determine
the distribution of soil particle sizes in a given soil
sample. The distribution of particle sizes larger than

0.074 mm (retained on the No. 200 sieve) is determined by
sieving, while the distribution of particle sizes smaller
than 0.074 mm is determined by a sedimentation process,
using a hydrometer.

GRANULAR - See Coarse-Grained.

GRAVEL - Particles of rock that pass a 3-in. (76.2 mm) sieve
and are retained on a No. 4 (4.75 mm sieve).

GRAVITY - The force of attraction between bodies because of
their mass. Usually measured as the acceleration of
gravity.

GYPSIFEROUS - Containing gypsum, a mineral consisting mostly of
sulfate of calcium.

HORST - An elongated crustal block that has been uplifted along
faults relative to the rocks on either side.

INTERIOR DRAINAGE - Stream drainage system that flows into a
closed topographic low (basin).

INTRUSIVE (rock) - A rock formed by the process of emplacement
of magma (liquid rock) in preexisting rock, (e.g., gran-
ite, granodiorite, quartz monzonite)

LACUSTRINE DEPOSITS - Materials deposited in a lake environ-
ment.

LARAMIDE OROGENY - A time of deformation extending from late
Cretaceous (about 100 million years ago) to the end of the
Paleocene (about 50 million years ago) which accounted for
much present Basin and Range structure.

LINE - A linear array of observation points, such as a seismic
line.

mn NATIONAL. 1,U.
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GLOSSARY OF TERMS (Cont.)

LIQUID LIMIT - See ATTERBERG LIMITS.

LOW STRENGTH SURFICIPL SOIL - Soil which will perform poorly as
a road subgraae, at its present consistency, when used
dirctly beneath a road section.

MILLIGAL - A unit of acceleration used with gravity measure-
ments; 1 milligal = 10- 5 m/s 2 . Abbreviated mgal.

MOISTURE CONTENT - The ratio, expressed as a percentage, of
the weight of water contained in a soil sample to the
ovendry weight of the sample.

NEOTECTONICS - The study of the recent structural history of
the earth's crust, usually during the late Tertiary and
the Quaternary periods.

N VALUE - Penetration resistance, described as the number of
blows required to drive the standard split-spoon sampler
for the second and third 6 inches (0.15 m) with a 140-
pound (63.5-kg) hammer falling 30 inches (0.76 m) (ASTM
D1586-67).

OPTIMUM MOISTURE CONTENT - Moisture content at which a soil
can be compacted to a maximum dry unit weight by a given
compactive effort.

P-WAVE - See Compressional Wave.

PATINA - A dark coating or thin outer layer produced on the
surface of a rock or other material by weathering after
long exposure (e.g., desert varnish).

PAVEMENT/DESERT- PAVEMENT - When loose material containing
pebble-sized or larger rocks is exposed to rainfall and
wind action, the finer dust and sand are blown or washed

jaway and the pebbles gradually accumulate on the surface,
forming a mosaic which protects the underlying finer
material from wind attack. Pavement can also develop
in finer-grained materials. In this case, the armored
surface is formed by dissolution and cementation of the
grains involved.

PERMEABLE - The ability of liquid to pass through soil and/or
rock material.

pH - An index of the acidity or alkalinity of a soil in terms
of the logarithm of the reciprocal of the hydrogen ion
concentration.

T Man NATIONAL, $N.
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3 PHI (0) - Angle of internal friction.

PIEZOMETRIC SURFACE - An imaginary surface representing the
static head of ground water and defined by the level to
which water will rise in a well.

PITCHER TUBE SAMPLE - An undisturbed, 2.87-inch-(73-mm) diameter
soil sample obtained from a drill hole with a Pitcher tube

sampler. The primary components of this sampler are an
3 outer rotating core barrel with a bit and an inner station-

ary, spring-loaded, thin-wall sampling tube which leads or
trails the outer barrel drilling bit, depending upon the
hardness of the material being penetrated.

PLASTIC LIMIT - See ATTERBERG LIMITS.

PLASTICITY INDEX - See ATTERBERG LIMITS.

PLAYA/PLAYA DEPOSITS - A term used. in the southwest U.S. for
a dried-up, flat-floored area composed of thin, evenly
stratified sheets of clay, silt, or fine sand, and rep-
resenting the lowest part of a shallow, completely closed
or undrained, desert lake basin in which water accumulates
and is quickly evaporated, usually leaving deposits of
soluble salts.

POORLY GRADED - A descriptive term applied to a coarse-grained
soil if it consists predominantly of one particle size
(uniformly graded) or has a wide range of sizes with some
intermediate sizes obviously missing (gap-graded).

RANGE-BOUNDED FAULT - Usually a normal fault in which one side
has moved up relative to the other and which separates the
mountain front from the valley.

RELATIVE AGE - The relationship in age (oldest to youngest)
between geologic units without specific regard to number
of years.

RESISTIVITY (True, Intrinsic) - The property of a material
which resists the flow of electric current. The ratio of
electric-field intensity to current density.

RESISTIVITY SOUNDING - Observation of electric fields caused by

current introduced into the ground as a means of studying
earth resistivity. Normally incltides only those methods
in which a very low frequency or direct current is used
to measure apparent resistivity. "Sounding" implies that
successive measurements are made with increased electrode
spacing.

"min NATIONAL, iNO.
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ROCK UNITS -Distinct rock masses with different characteristics

(e.g., igneous, metamorphic, sedimentary).

ROTARY WASH DRILLING - A boring technique in which advancement
of the hole through overburden is accomplished by rotation
of a heavy string of rods while continuous downward pres-
sure is maintained through the rods on a bit at the bottomof the hole. Water or drilling mud is forced down the rods
to the bit, and the return flow brings the cuttings to the
surface.

S-WAVE - See Shear Wave.

SAND - Soil passing through No. 4 (4.75 mm) sieve and retained
on No. 200 (0.075 mm) sieve.

SAND DUNE - A low ridge or hill consisting of loose sand depos-
ited by the wind, found in various desert and coastal
regions and generally where there is abundant surface
sand.

SEISMIC - Having to do with elastic waves. Energy may be trans-
mitted through the body of an elastic solid as P-waves
(compressional waves) or S-waves (shear waves).

SEISMIC LINE - A linear array of travel time observation points
(geophones). In this study, each line contains 24 geophonepositions.

SEISMIC REFRACTION DATA: deep/shallow - Data derived from a type
of seismic shooting based on the measurement of seismic
energy as a function of time after the shot and of distance
from the shot, by determining the arrival times of seismic
waves which have traveled nearly parallel to the bedding in
high-velocity layers, in order to map the depth to such
layers.

SEISMOGRAM -A seismic record.

SEISMOMETER - See Geophone.

SHEAR STRENGTH - The maximum resistance of a soil to shearing
(tangential) stresses.

SHEAR WAVE - A body wave in which the particle motion is per-
pendicular to the direction of propagation. Also called
S-Wave or transverse wave.

SHEET FLOW - A procP- in which stormborne water spreads as a
thin, continuous veneer (sheet) over a large area.

T -- O PNATIONAL, NO.
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SHEET SAND - A blanket deposit of sand which accumulates in
shallow depressions or against rock outcrops, but does
not have characteristic dune form.

SHOT - Any source of seismic energy; e.g., the detonation of
an explosive.

SHOT POINT - The location of any source of seismic energy;
e.g., the location where an explosive charge is detonated
in one hole or in a pattern of holes to generate seismic
energy. Abbreviated SP.

SILT - Fine-grained soil passing the No. 200 sieve (0.074 mm)
that is nonplastic or very slightly plastic and that
exhibits little or no strength when air-dried.

SILT SIZE - That portion of the soil finer than 0.02 mm and
coarser than 0.002 mm.

SITE - Location of some specific activity or reference point.
The term should always be modified to a precise meaning or
be clearly understood from the context of the discussion.

SPECIFIC GRAVITY - The ratio of the weight in air of a given
volume of soil solids at a stated temperature to the weight
in air of an equal volume of distilled water at a stated
temperature.

SPLIT-SPOON SAMPLE - A disturbed sample obtained with a split-
spoon sampler with an outside diameter of 2.0 inches
(5.1 cm). The sample consists of a split barrel which is
driven into the soil using a drop hammer.

SPREAD - The layout of geophone groups from which data from a
single shot are recorded simultaneously. Spreads con-
taining 24 geophones have been used in Fugro's seismic

* I refraction surveys.

STREAM CHANNEL DEPOSITS - See Fluvial Deposits.

STREAM TERRACE DEPOSITS - Stream channel deposits no longer
part of an active stream system, generally loose, moder-
ately well graded sand and gravel.

SULFATE ATTACK - The process during which sulfates, salts of
sulfuric acid, contained in ground water cause dissolution
and damage to concrete.

SURFICIAL DEPOSIT - Unconsolidated residual and alluvial depos-
its occurring on or near the earth's surface.

T on= NATIONAL, ONO.
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TEST PIT - An excavation made to depths of about 5 feet (1.5 m)

by a backhoe. A test pit permits visual examination of
undisturbed mate ial in place.

TRENCH - An excavation by a backhoe to depths of about 15 feet
(4.5 m). A trench permits visual examination of soil in
place and evaluaton of excavation wall stability.

TRIAXIAL COMPRESSION TEST - A type of test to measure the shear
strength of an undisturbed soil sample (ASTM D2850-70).
To conduct the test, a cylindrical specimen of soil is
surrounded by a fluid in a pressure chamber and subjected
to an isotropic pressure. An additional compressive load
is then applied, directed along the axis of the specimen
called the axial load.

Consolidated-drained (CD) Test - A triaxial compression
test in which the soil was first consolidated under an
all-around confining stress (test chamber pressure) and
was then compressed (and hence sheared) by increasing the
vertical stress. Drained indicates that excess pore water
pressures generated by strains are permitted to dissipate
by the free movement of pore water during consolidation
and compression.

Consolidated-undrained (CU) Test - A triaxial compression
test in which essentially complete consolidation under the
confining (chamber) pressure is followed by a shear at
constant water content.

UNCONFINED COMPRESSION - A type of test to measure the compres-
sive strength of an undisturbed sample (ASTM D2166-66).
Unconfined compressive strength is defined as the load per
unit area at which an unconfined prismatic or cylindrical
specimen of soil will fail in a simple compression test.

UNIFIED SOIL CLASSIFICATION SYSTEM (USCS) - A system which
determines soil classification for engineering purposes
on the basis of grain-size distribution and Atterberg
limits.

VALLEY FILL - See Basin-Fill Material/Basin-Fill Deposits.

VELOCITY - Refers to the propagation rate of a seismic wave
without implying any direction. Velocity is a property of
the medium and not a vector quantity when used in this
sense,

VELOCITY LAYER - A layer of rock or soil with a homogenous
seismic velocity.

"Mt NATINAL, IND.
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VELOCITY PROFILE - A cross section showing the distribution of* 3material seismic velocities as a function of depth and its
configuration.

VERIFICATION SITE - A study area of approximately 200 to 400 mi 2

(520 to 1040 km2 ) in which Verification Program activities
are performed. The site is situated wholly within a largerCandidate Deployment Parcel (CDP).

WASH SAMPLE - A sample obtained by screening the returned drill-
ing fluid during rotary wash drilling to obtain lithologic
information between samples.

WATER TABLE - The upper surface of an unconfined body of water
at which the pressure is equal to the atmospheric pressure.

WELL GRADED - A soil is identified as well graded if it has a
wide range in grain size and substantial amounts of most
intermediate sizes.

Definitions were derived from the following references:

American Society for Testing and Materials, 1976, Annual book

of ASTM standards, Part 19: Philadelphia, American Soc.

for Testing and Materials, 484 p.

Gary, M., McAfee, R., Jr., Wolf, C. L., eds., 1972, Glossary of
geology: Washington, D.C., American Geol. Institute,
805 p.

Merriam, G., and Merriam, C., 1977, Webster's new collegiate
dictionary: Springfield, Mass., G. and C. Merriam Co.,
1536 p.

Sheriff, R. E., 1973, Encyclopedic dictionary of exploration
geophysics: Tulsa, Oklahoma, Soc. of Exploration Geo-
physicists, 266 p.

I
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A2.0 EXCLUSION CRITERIA

Table A2-1 lists the exclusion criteria applied during FY 79

Verification Studies. Many of the criteria have not signifi-

cantly changed since Coarse Screening Studies. Most geotechni-

cal criteria have been modified to accommodate the basing mode

requirements of the hybrid trench and vertical shelter concepts

as well as increasing levels of study detail.
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CRITERIA DEFINITION AND COMMENTS

SURFACE ROCK AND ROCK OCCURRING Rock is defined as any earth material which is not rippable

WITHIN 50 FEET (15m) AND 150 FEET by conventional excavation methods. Where available, seismic

(46m) OF THE GROUND SURFACE P-wave velocities were evaluated in the determination of rock
conditions.

SURFACE WATER AND GROUND WATER Surface water includes all significant lakes, reservoirs.

OCCURRING WITHIN 50 FEET (15m) swamps, and major perennial streams. Water which would be

AND 150 FEET (46m) OF THE encountered in a 50-toot and 150-foot excavation was considered
GROUND SURFACE in the application of this criterion. Depths to ground water

resulting from deeper confined aquifers were not considered.

Areas having surface gradients exceeding 10 percent or a
TOPOGRAPHIC Percent Grade preponderance of slopes exceeding 10 percent as determined

and Terrain from maps at scales of 1:125 000, 1:62 500, and 1:24,000

and by lie lid observation.

Areas having drainage densities averaging at least two 10-foot
deep drainages per 1000 feet (measured parallel to contours, as

determined from maps at scales of 1:24,000 or in the field).

CULTURAL Quant ty/Distance: .Eighteen nautical mile exclusion arcs from cities having
populations (1970) of 25.000 or more.

Three nautical mile exclusion arcs from cities having
populations (1970) of between 5.000 and 25.000.

Land Use: All significant federal and state forests, parks, monuments,
and recreation areas.

All significant federaf and wildlife refuges, grasslands.

ranges, preserves and management areas.

Indian reservations.

High potential economic resource areas including oil

Economic: and gas fields, strippable coal. oil shale, uranium

deposits, and known geothermal resource areas (KGRA)
of sufficient density so as to prohibit use as a viable
siting area.

Industrial complexes such as active mining areas, tank farms
and pipeline complexes of sufficient density so as to prohibit
use as a viable siting area.

EXCLUSION CRITERIA

VERIFICATION STUDIES, ARIZONA

MX SITING INVESTIGATION Ti Ea,,

DEPARTMENT OF THE AIR FORCE - SAMSOI A2-1
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A3.0 ENGINEERING GEOLOGIC PROCEDURESI
The principal objectives of the field geology investigation

were to:

1. Delineate surficial extent of soil types and geologic units;

2. Assess terrain conditions; and

3. Make observations helpful in defining depth to rock and

water.

Aerial photographs (1:60,000 black and white; 1:25,000 color)

served as the base on which all mapping was done. Field activi-

ties were directed toward checking the photogeologir mapping.

Field checking consisted chiefly of collecting data about sur-

ficial soils at selected locations in order to refine contacts

and defining engineering characteristics of photogeologic units.

At each location, observations of grain size, color, clast

lithology, surface soil development, and a variety of engineer-

ing parameters were recorded (see Section 1.0, Geotechnical

Data). Observations were made in existing excavations (borrow

pits, road cuts, stream cuts) or in hand-dug test pits. Extrap-

olation of this data to determine surficial extent was accom-

plished by geologic reconnaissance over existing roads.

Of the parameters listed, grain size is the most important for

engineering purposes and for this reason is included in the

geologic unit designation. However, grain size is not readily

mapped on aerial photos, and much of the field work involved

T man NATIONAL. MO.
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determination of the extent of surficial deposits of a particu-

I. lar grain-size category (gravel, sand, or fine-grained).

Terrain data were also taken at all geologic field stations.

Drainage width and depth were estimated and predominant surface

I slope was measured. Slopes were measured over a distance of

100 to 150 feet (31 to 46 m) with an Abney hand level. For

additional data, depths of major drainages encountered during

geologic reconnaissance between stations were recorded on

aerial photos.

In order to help refine depth to rock interpretations, obser-

vations were concentrated along the basin margin to identify

shallow rock. Rock samples were taken at the end points of

DMA gravity profile lines to aid in gravity interpretations.

Observations regarding depth to water were restricted to mea-

surements in existing wells and borings.

IO
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A4.0 GEOPHYSICAL PROCEDURES

A4.1 SEISMIC REFRACTION SURVEYS

A4.1.1 Instruments

Field explorations were performed with a 24-channel SIE Model

I RS-44 seismic refraction system which consisted of 24 amplifiers

coupled with a dry-write, galvanometer-type recording oscillo-

graph. Seismic energy was detected by Mark Products Model L-10

geophones with natural frequency of 4.5 Hz. Geophones were

fitted with short spikes to provide good coupling with the

ground. Cables with two takeout intervals were used to transmit

the detected seismic signal from the geophones to the ampli-

fiers. Time of shot was transmitted from shotpoint to recording

system via an FM radio link.

The degree of gain was set on the amplifiers by the instrument

operators and was limited by the background noise at the time

of the shot. The amplifiers are capable of maximum gain of

1.1 million. The oscillograph placed timing lines on the seis-

mograms at 0.01-second intervals. The timing lines form the

basis for measuring the time required for the energy to travel

from the shot to each geophone.

A4.1.2 Field Procedures

, Each seismic ro-rac-on line consisted of a single spread of

24 geophones with a distance of 410 feet (125 m) between end

points. Geophone spacing provided six intervals of 25 feet

(7.6 m) at both ends of the line and 11 central intervals of

10 feet (3 m). Six shots were made per spread at locations

T a 8 SAL, $#40.
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65 feet (20 m), either 190 or 215 feet (58 or 66 m) and 305 feet

I 93 m) left and right of the spread center. The recording system

was located between geophones 12 and 13.!
The explosive used was "Kinestik" which was transported to the

I site as two nonexplosive components, a powder and a liquid.

jThe components were mixed in the field to make an explosive

compound. Charges ranged in size from one-third to five pounds

and were buried from 1 to 5 feet (0.3 to 1.5 m) deep. Charges

were detonated using Reynold's exploding bridge wire (EBW)

detonators instead of conventional electric blasting caps. Use

of EBWs provides maximum safety against accidental detonation

and extremely accurate "time breaks" (instant of detonation).

Relative elevations of geophones and shotpoints were obtained

by level or transit where lines had more than 2 or 3 feet

(0.6 to 0.9 m) of relief.

A4.1.3 Data Reduction

The trav-l times for compressional waves from the shots to the

geophones were obtained from the seismograms by visual inspec-

tion. These times were plotted at their respective horizontal

distances and best fit lines were drawn through the points to

j obtain apparent velocities for materials below the seismic

line.
I

A combination of delay time and ray tracing methods was used in

a computer program to obtain depth to refracting horizons from

the time-distance information.

-jima NATIONAL, INO.
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A4.2 ELECTRICAL RESISTIVITY SURVEYS

A4.2.1 Instruments

Elec'ricfl re-ictivity measurements were made with a Bison

Instrument model 2351 B resistivity meter which provides current

to the earth through two electrodes and measures the potential

(voltage) drop across two other electrodes.

A4.2.2 Field Procedures

Electrical re-istivity soundings were made using the Schlum-

berger electrode arrangement. Soundings are made by successive

resistivity measurements which obtain information from deeper

and deeper materials. The depth of penetration of the electri-

cal current is increased by increasing the distance between the

current electrodes. The arrangement of electrodes in the

Schlumberger method is shown in Figure A4-1. The four elec-

trodes are in a line with the two current electrodes on the

ends. The distance between the current electrodes (AB) is

always five or more times greater than the distance between the

potential electrodes (MN).

The initial readings are made with MN equal to 5 feet (1.5 m)

and AB equal to 30 feet (9 m). Successive readings were made

with AB at 40, 50, 60, 80, 100, 120, 140, 160, 180, 200, 240,

300, 360, 400, 500, and 600 feet (12, 15, 18, 24, 30, 37, 43,

49, 55, 61, 73, 91, 110, 122, 152, and 183 m). MN spacing is

sometimes increased one or two times as AB is expanded. This

increase is required when the signal drops to a level below the

meter's sensitivity. The potential drop is greater between

Ta"
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more widely spaced electrodes (MN), so increasing MN increases

i the signal. When it becomes necessary to increase MN, the

spacing of AB is reduced to the spacing of the previous reading.

SMN is then increase' and a measurement is made. This provides

two resistivity measurements at the same AB spacing but with

different MN spacings.

A4.2.3 Data Reduction

7ach apoarent resistivity value is plotted versus one-half the

current electrode spacing (AB/2) used to obtain it. Log-log

graph paper is used to form the coordinates for the graph. A

smooth curve is drawn through the points. This sounding curve

forms the basis for interpreting the resistivity layering at

the sounding location.

A computer program that does iterative "curve-matching" is used

to develop a layer model that has a theoretical resistivity

curve that is similar to the field curve. A Science Accessories

Corporation "grafpen" digitizer is used to digitize the field

curve for computer program input.

A4.3 GRAVITY

A4.3.1 General

A gravity surve" involves determination of changes in the gravi-

.tational field between contiguous points. The gravitational

field being detected is the same as that influencing all objects

on the surface of the earth. It is generally associated with

the force which causes a one-gm mass to be accelerated at

980 cm/s 2 . This force is normally referred to as a l-g force

T Son NATIONAL, INS.
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In a gravity survey, the variations are measured in terms of

5 milligals. A gal is equal to 1 cm/s 2 or 0.00102 g.

Small and distinguishable changes in gravity occur from point

to point. These changes are caused by geometrical effects,

j such as differences in elevation and latitude, and by varia-

tions in density of the materials beneath the points. For

measurements at the surface of the earth, the largest factor

influencing the pull of gravity is the density of all materials

between the center of the earth and the point of measurement.

To detect the changes produced by differing geological condi-

tions, it is necessary to detect changes in the gravitational

field as small as a few milligals.

The basic concept of the gravitational exploration method is

the "anomaly." If the earth were made up of uniform, con-

centric shells, each of uniform density, the gravitational

field would be the same at all points on the surface of the

earth. The fact that the pull of gravity is not the same from

place to place gives rise to "anomalies." A difference in

gravity between two points which is not caused by the effects

of known geometrical differences, such as in elevation, lati-

tude, and surrounding terrain, is referred to as an anomaly.

An anomaly reflects differences in material densities beneath

the two points. The relationship is straightforward. The

gravitational attraction is smaller at a place underlain by

low-density material than it is at a place underlain by a

high-density material. The term "ne jtive gravity anomaly"

Tlh O NATIONAL, INU.
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describes a situation in which the pull of gravity within a pre-

scribed area is small compared to the area surrounding it. Low-

density alluvial deposits in basins such as those in the Arizona

study area produce negative gravity anomalies in relation to

the gravity values in the surrounding mountains which are

formed by more dense rocks.

The objective of gravity exploration is to deduce the variations

in geologic conditions that produce the gravity anomalies iden-

tified during a gravity survey.

A4.3.2 Instruments

Lacoste and Romberg Model G gravimeters were used tc ieasure

the gravitational field. The sensing element is a mass sus-

pended by a zero-length spring. Deflections of the mass from a

null position are proportional to changes in gravitational

attraction. The instrument is sealed and compensated for atmos-

pheric pressure changes. It is maintained at a constant temper-

ature by a heater element and thermostat. Gravitational changes

as small as 0.01 milligal can be measured.

A4.3.3 Field Procedures

Gravimeter readings were taken at points on bedrock outcrops as

well as points within the suitable area portions of the CDPs.

Data were taken along lines extending across the CDPs. These

lines or profiles were usually separated by 5 to 10 miles (8 to

16 km).

|80 NATIONAL, ONO.
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The gravimeter readings were calibrated in terms of absolute

gravity by taking readings twice daily at nearby USG. ravity

base stations. Gravimeter readings fluctuate because of small

time-related deviatinns due to the effect of earth tides and

instrument drift. Field readings were corrected to account for

these deviations. The magnitude of the tidal correction was

calculated using an equation suggested by Goguel (1954):

C = P + Ncos A (cos 0 + sin 6 ) + Scos 0 (cos 0 - sin .)

where C is the tidal correction factor, P, N, and S are time-

related variables, and 0 is the latitude of the observation

point. Tables giving the values of P, N, and S are published

annually by the European Association of Exploration Geophysi-

cists.

The meter drift correction was based on readings taken at a

designated base station at the start and end of each day. Any

difference between these two readings after they were corrected

for tidal effects was considered to have been the result of

instrumental drift. It was assumed that this drift occurred at

a uniform rate between the two readings. Corrections for drift

were typically only a few hundredths of a milligal. Readings

corrected for tidal effects and instrumental drift represented

the observed gravity at each station. The observed gravity

represents the total gravitational pull of the entire earth at

the measurement station.

A4.3.4 Data Reduction

Several corrections or reductions were made to the observed

gravity to isolate the portion of the gravitational pull which

44 1 
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is due to the crustal and near-surface materials located beneath

5 the station. The gravity remaining after these reductions is

called the "Bouguer Anomaly." Bouguer Anomaly values are the

basis for geologic interpretation. To obtain the Bouguer

Anomaly, the observed gravity was adjusted to the value it would

have had if it had been measured at the geoid, a theoretically

defined surface which approximates the surface of mean sea

level. The difference between the "adjusted" observed gravity

and the gravity at the geoid calculated for a theoretically

homogeneous earth is the Bouguer Anomaly. Because the real

earth, except for the upper mantle and crust, is thought to be

similar to the homogeneous model, the Bouguer Anomaly is taken

to indicate the way crustal materials differ from the model.

Four separate reductfons, to account for four geometrical

effects, were made to the observed gravity at each station to

arrive at its Bouguer Anomaly value.

a. Free-Air Effect: Gravitational attraction varies inversely
, Jas the square of the distance from the center of the earth.

Gravity measured at a greater distance from the center of the

earth than the geoid is necessarily smaller than gravity on the

geoid. Since the study area is above sea level, observed

gravity levels were corrected for this difference using the

j normal vertical gradient of:

FA = -0.09406 mg/ft (-0.3086 milligals/meter)

where FA is the free-air effect. The free-air correction was

positive in sign since the correction is opposite the effect.
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I
b. Boui!uer Effect: Like the free-air effect, the Bouguer

I effect is a function of the elevation of the station, but it

considers the influence of a slab of earth materials between

I the observation point on the surface of the earth and the

corresponding point on the geoid. Normal practice was followed

in this study which is to assume that the density of the slab

Iis 2.67 grams per cubic centimeter. The Bo'guer correction

(Bc) , which is opposite in sign to the free-air correction,

was defined according to the following formula.

Bc = 0.01276 (2.67) hf (milligals per foot)

Bc = 0.04185 (2.67) hm (milligals per meter)

where hf and hm is the height above sea level in feet or

meters, respectively.

c. Latitude Effect: Points at different latitudes will have

different "gravities" for two reasons. The earth (and the

geoid) is spheroidal, or flattened at the poles. Since points

at higher latitudes are closer to the center of the earth than

points near the equator, the gravity at the higher latitudes is

larger. As the earth spins, the centrifugal acceleration causes

ja slight decrease in gravity. At the higher latitudes where the

earth's radii are smaller, the centrifugal acceleration dimin-

I ishes. The gravity formula for the Geodetic reference system,

1967, gives the theoretical value of gravity at the geoid as a

function of latitude. It is:

I g = 978.0381 (1 - 0.0053204 sin 2  
- 0.0000058 sin 2 6) gals

where g is the theoretical acceleration of gravity and i is

the latitude in degrees. The positive term accounts for the

l MOO NATIONAL, 
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spheroidal shape of the earth. The negative term adjusts for

j the centrifugal acceleration.

The previous two corrections (free air and Bouguer) have

adjusted the observed gravity to the value it would have had at

the geoid. The theoretical value at the geoid for the latitude

of the station is then subtracted from the adjusted observed

gravity. The remainder is called the Simple Bouguer Anomaly

(SBA). Most of this gravity represents the effect of material

beneath the station, but part of it may be due to irregularities

in terrain (upper part of the Bouguer slab) away from the

station.

d. Terrain Effect: Topographic relief around the station has

an effect on the gravitational force at the station. A nearby

hill has upward gravitational pull and a nearby valley contrib-

utes no pull into a place where the Bouguer correction assumed

there was mass to create a downward attraction. Therefore,

relative to the SBA, the corrections are always positive. Cor-

rections were made to the SBA when the terrain effects were

0.1 milligal or larger. Terrain corrected Bouguer values are

called the Complete Bouguer Anomaly (CBA). When the CBA was

obtained, the reduction of gravity at individual measurement

points (stations) was complete.

A4.3.5 Interpretation

The first step in the interpretation was to separate the por-

tion of the CBA that might be caused by the lightweight, basin-

fill material overlying the heavier bedrock material which

T..ATINAL, 
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forms the surrounding mountains and presumably the basin floor.

3 In order to make this separation, the gravity field's appear-

ance was postulated, assuming the valley-fill sediments were

j replaced with bedroc'. material. The imaginary field is called a

"regional" and is characterized by a gently undulating (long

period) surface. Since the valley-fill sediments were, in fact,

absent at the stations read in the mountains, the CBA values at

these bedrock stations were used as the basis for constructing a

regional field over the valley. The "regional" was derived by

fitting a second order polynomial surface to the Bouguer Anomaly

values of the bedrock stations.

The difference between the CBA and the regional field was taken

to represent the effect of the lightweight alluvial materials.

This difference is called the residual field or residual anom-

aly. The zero value of the residual anomaly is not exactly at

the rock outcrop line but at some distance on the "rock" side of

the contact. The reason for this is found in the explanation of

the terrain effect. There is a component of gravitational

attraction from material which is not directly beneath a point.

If the "regional" is well chosen, the magnitude of the residual

anomaly is a function of the thickness of the anomalous (fill)

material and the density contrast. The density contrast is the

difference in density between the alluvial and bedrock material.

If this contrast were known, a very accurate calculation of the

thickness could be made. In most cases, the densities are not

well known and they also vary within the study area. In these

I
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cases, it is necessary to use typical densities for materials

similar to those in the study area. An iterative computer pro-

I gram was used to calrulate a subsurface model which would yield

a gravitational field to match (approximately) the residual

I gravity anomaly.

N
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A5.0 ENGINEERING PROCEDURES

Soil engineering activities consisted of the following:

1. Field activities: o Borings
o Trenches
o Test Pits
o Surficial Samples
o Cone Penetrometer Tests

2. Office activities: o Laboratory Tests
o Data Analyses and Interpretations

In this section the procedures used in the various activities

are described.

A5.1 BORINGS

A5.1.1 Drilling Equipment

The borings were drilled at designated locations using a truck-

mounted Failing 1500 drilling rig with hydraulic pulldown and

rotary wash techniques. Borings were nominally 4-7/8 inches

(124 mm) in diameter and drilling fluid (typically a bentonite-

water slurry) was used to stabilize the hole. A tricone drill

bit was used for coarse-grained soils and a drag bit for drill-

ing in fine-grained soils. Nominal maximum depth drilled was

160 feet (49 m).

A5.1.2 Method of Sampling Soil and Rock

A5.1.2.1 Sampling Intervals

Soil samples were obtained at the following nominal depths as

well as at depths of change in soil type.

OomO NATIONAL. MO
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0'- 2' (0-0.6 m) - Drive sample

2.5'- 5' (0.8-1.5 m) - Pitcher or drive

6'- 8' (1.8-2.4 m) - Pitcher or drive

10'- 30' (3.0-9.1 j - Pitcher or drive - samples at 5'
intervals, starting at a depth
of 10'

30'-130' (9.1-39.0 m) - Pitcher or drive - samples at 10'
intervals

130'-160' (39.0-48.0 m) - Pitcher or drive - samples at 15'
intervals

A5.1.2.2 Sampling Techniques

a. Fugro Drive Samples: Fugro drive samplers were used to

obtain relatively undisturbed soil samples. The Fugro drive

sampler is a ring-lined barrel sampler with an outside diameter

of 3.0 inches (76.2 mm) and inside diameter of 2.50 inches

(63.5 mm). It contains 12 individual 1-inch- (25.4--mm) long

rings and is attached to a 12-inch- (30-cm) long waste barrel.

The sampler was advanced using a downhole hammer weighing

335 pounds (76 kg) with a drop of 18 inches (46 cm).

The number of blows required to advance the sampler for a

6-inch (15-cm) interval were recorded. Samples obtained were

retained in the rings, placed in plastic bags with manually

twisted top ends and sealed in plastic sample containers. Each

sample was identified with a label indicating job number,

boring number, sample number, depth range, Unified Soil Classi-

fication System (USCS), and date. Ring samples were placed in

foam-lined steel boxes.
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b. Pitcher Samples: The Pitcher sampler was used to obtain

undisturbed soil samples. The primary components of this

sampler are an outer rotating core barrel with a bit and an

inner, stationary, sering-loaded, thin-wall sampling tube which

leads or trails the outer barrel drilling bit, depending on

the hardness of the material penetrated. The average inside

diameter of the sampling tubes used was 2.87 inches (73 mm).

Before placing the Pitcher tube in the outer barrel, the tube

was inspected for sharpness or protrusions.

The Pitcher sampler was then lowered to the bottom of the boring

and the thin-walled sampling tube advanced into the soil ahead

of the rotating cutting bit by the weight of the drill rods and

hydraulic pulldown. The thin-walled sampling tube was retracted

into the core barrel and the sampler was brought to the surface.

After removal of the sampling tube from the core barrel, the

length of the recovered soil sample was measured and recorded.

Before preparing and sealing the tube, the drilling fluid in the

Pitcher tube was removed. Cap plugs were taped in place on the

top and bottom of the Pitcher tube and sealed with wax. When

Pitcher samples could not be retrieved without disturbance, they

were clearly marked as "disturbed." Each sealed Pitcher tube

was labeled as explained under "Fugro Drive Samples" and then

placed vertically in foam-lined wooden boxes.

c. Wash Samples: Wash samples (cuttings) were obtained by

screening the returning drilling fluid during the drilling

operations to obtain lithologic information between samples.

T NATIONAL, INn
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Recovered wash samples were placed in plastic bags and labeled

as explained previously.

A5.1.3 Logging

All soils were clasnified in the field by the procedures out-

lined in Section A5.5, "Field Visual Soil Classification," of

this Appendix. Rock encountered in the borings was described

according to classifications given in Travis (1955) and Folk

(1974). The following general information was entered on

the boring logs at the time of drilling: boring number; proj-

ect name, number, and location; name of drilling company and

driller; name of logger and date logged; and method of drill-

ing and sampling, drill bit type and size, driving weight

and average drop as applicable. As drilling progressed, the

soil samples recovered were visually classified as outlined

in Section A5.5, "Field Visual Soil Classification," and the

description was entered on the logs. Section A5.5 also dis-

cusses other pertinent data and observations made which were

entered on the boring logs during drilling.

A5.1.4 Sample Storage and Transportation

Samples were handled with care, drive sample containers being

placed in foam-lined steel boxes, while Pitcher samples were

transported in foam-lined wooden boxes. Core samples were

placed in specially constructed wooden or cardboard boxes.

Particular care was exercised by drivers while traversing rough

terrain so as not to cause any disturbance to the undisturbed

samples. Whenever ambient air temperatures fell below 320 F, all

samples were stored in heated rooms during the field work and
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transported to Fugro National's Long Beach laboratory in heated

cabins in back of pickup trucks.

A5.1.5 Ground-Water Observation Wells

When ground water was encountered during drilling of a boring

or where the boring was located in an area estimated to have

ground water within 150 feet (46 m) of the ground surface, the

completed boring was cased with a 2-inch-diameter (51-mm)

polyvinyl-chloride (PVC) pipe to 160 feet (49 m). This PVC

pipe was slotted in the bottom 20 feet (6 m). After installa-

tion of the pipe, it was flushed until clear water came out.

After equilibrium was reached, the water level was measured

periodically in the observation wells and recorded.

A5.2 TRENCHES, TEST PITS, AND SURFICIAL SAMPLES

A5.2.1 Excavation Equipment

The trenches, tests pits, and surficial samples were excavated

using a rubber tire-mounted Case 580 B or C backhoe with a

maximum depth capability of 15 feet (5 m).

A5.2.2 Method of Excavation

UnLess caving occurred during the process of excavation, the

trench width was nominally 2 feet (0.6 m). Trench depths were

typically 14 feet (4.2 m) and lengths ranged from 12 to 16 feet

(3.6 to 4.9 m). Test pits were nominally 2 feet (0.6 m) wide,

5 feet (1.5 m) deep, and ranged from 5 to 10 feet (1.5 to 3.0 m)

in length. Surficial sample excavations were typically 2 feet

(0.6 m) wide, 2 feet (0.6 m) deep, and about 3 to 5 feet (0.9 to

I 1.5 m) long. The trench and test pit walls were vertical.

I H E NTIONAL, BNO.
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However, where surface materials were unstable, the trench walls

were sloped back to a safe angle to prevent sloughing during the

completion of excavation and logging. The excavated material

was deposited on one side at least 4 feet (1.2 m) from the edge

of the trenches in order to minimize stress loads at the edges.

The excavations were backfilled with the excavated material and

the ground surface was restored to a condition as conformable

with the surrounding terrain as practical.

A5.2.3 Sampling

The following sampling procedures were generally followed for

all trenches, test pits, and surficial samples.

o Representative bulk soil samples (large or small) were

obtained in, the top 2 feet (0.6 m). If the soil type

changed in the top 2 feet, bulk samples of both the soil

types were obtained. In addition, bulk samples of all

soil types encountered at different depths in the excava-

tion were obtained. For each soil type in the top 2 to

3 feet (0.6 to 0.9 m), two large bulk samples (weighing

about 50 pounds each; 11.4 kg) were taken. Bulk samples

from other depths were limited to one bag. When soils

from two locations were similar, only a small bag sample

weighing about 2 pounds (1 kg) was taken from the second

location.

o All large bulk samples were placed first in plastic bags

and then in cloth bags. The small bulk samples were placed

in small plastic bags. All sample bags of soil were tied

tightly at the top to prevent spillage and tagged with the
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following information: project number; trench, test pit,

or surficial sample number; bulk sample number; depth

range in feet; Unified Soil Classification symbol; and

date. The samples were transported to the field office

for storage and then to Fugro National's Long Beach office

in pickup trucks.

A5.2.4 Logging

The procedures for field visual classification of soil and rock

encountered from the trenches, test pits, and surficial samples

were basically the same as the procedures for logging of borings

(Section A5.1.3). For excavations shallower than 4 feet (1.2 m)

technicians entered the excavations and logged them. Logging of

the excavations deeper than 4 feet (1.2 m) was accomplished

from the surface and by observing the backhoe bucket contents.

All trench walls were photographed prior to backfilling.

Each field trench, test pit, and surficial sample log included

trench, test pit, or surficial sample number; project name,

number and location; name of excavator; type of excavation

equipment; name of logger; and date logged. As excavations

proceeded, the soil types encountered were visually classified

and described as outlined in Section A5.5, "Field Visual Soil

Classification." Section A5.5 also discusses other pertinent

data and observations made which were entered on the logs during

excavation.
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A5.3 CONE PENETROMETER TESTS

A5.3.1 Equipment

The equipment consisted of a truck-mounted (15 tons gross

weight) electronic cone penetrometer equipped with a 10-ton

cone (cone end resistance capacity of 10 tons) and 5-ton fric-

tion cone (1-1/2-ton limit on the friction sleeve and 5-ton

limit on the cone end resistance). All operating controls,

recorder, cables, and ancillary equipment were housed in the

specially designed vehicle which was completely self-contained.

*The penetrometer, the key element of the system, contained the

necessary load cells and cable connections. One end of the unit

was threaded to receive the first sounding rod. When carrying

out the tests, hollow rods with an outside diameter of 3.6 cm

and a length of 1.0 meter were used to push down the cone. The

hydraulic thrust system was mounted over the center of gravity

of the truck, permitting use of the full 15-ton truck weight as

load reaction.

The cone had an apex angle of 600 and a base area of 10 cm2 .

The resistance to penetration was measured by a built-in load

cell in the tip and was relayed to the surface recorder via

cables in the sounding rods. On the 5-ton friction cone, a

friction sleeve, having an area of 150 cm2 , was fitted above

the cone base. The local friction was measured by load cells

mounted in the friction sleeve and recorded in the same manner

as the end resistance. The end resistance and friction resis-

tance were recorded on a strip chart.

iN

tI



FN-TR-28-I A- 38

A5.3.2 Test Method

Tests were performed in accordance with ASTM D3441-75T, wTen-

tative Method for Deep, Quasi-Static, Cone and Friction-Cone

Penetration Tests of Soil." Basically, the test was conductedi
by positioning the electronic cone penetrometer truck over the

designated area for testing, setting the outriggers on the

ground surface, checking the level of the rig, then pushing

the cone into the ground at a rate of 2 cm/s until refusal

(defined as the capacity of the cone, friction sleeve, or

hydraulics system) or the desired depth of penetration was

reached.

As a general rule, the depth of penetration did not exceed

10 meters. If refusal was reached within the top 2 or 3 feet

(0.6 or 1 m), the test was performed again a few feet away from

the first location. If refusal was reached again within 3 feet

(1 m), the soil was excavated at the CPT location to investigate

the presence of gravel, cobbles, boulders, or cemented layers.

Details of the test such as refusal reached, depth, cone used,

etc., were entered on a log sheet.

Generally, the 10-ton cone was used for most of the tests. If

the measured cone resistance was less than 150 tons per square

foot (147 kg/cm 2 ) in the upper 8 to 10 feet (2.4 to 3.0 m),

then another test using the 5-ton cone was performed at a

location a few feet away from the first location.
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I
A5.4 FIELD VISUAL SOIL CLASSIFICATION

A5.4.1 General

All field logging of soils encountered during drilling, excava-

tion of trenches arid test pits, obtaining surficial samples,

and the sampling at CBR test locations were performed in accor-

dance with the procedures outlined in this section. Soil

samples were visually classified in the field in general accor-

dance with the procedures of ASTM D 2488-69, Description of

Soils (Visual-Manual Procedure). The ASTM procedure is based

on the Unified Soil Classification System (see Table A5-1) and

details several visual and/or manual methods which can be used

in the field to estimate the USCS soil group or symbol for each

sample. Rock cores were described in the field according to

classifications given in Travis (1955) and Folk (1974). The

following section details several of the guidelines used in the

field for describing soils, drilling and excavating conditions,

and unusual conditions encountered.

A5.4.2 Soil Description

Soil descriptions entered on the logs of borings, trenches,

test pits, and surficial samples generally included those listed

below.

Coarse-Grained Soils Fine-Grained Soils

USCS Name and Symbol USCS Name and Symbol
Color Color
Range in Particle Size Consistency
Gradation (well, poorly) Moisture Content
Density Plasticity
Moisture Content Reaction to HCl
Particle Shape
Reaction to HCI
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Some additional descriptions or information recorded for both

coarse- and fine-grained soils included: degree of cementa-

tion, secondary material, cobbles and boulders, and depth of

change in soil type.

Definitions of some of the terms and criteria used to describe

soils and conditions encountered during the investigations

follow.

a. USCS Name and Symbol: Derived from Table A5-1, the Unified

Soil Classification System. The soils were first designated as

coarse- or fine-grained.

Coarse-grained soils are those in which more than half (by

weight) of the particles are visible to the naked eye. In

making this estimate, particles coarser than 3 in. (76 mm) in

diameter were excluded. Fine-grained soils are those in which

more than half (by weight) of the particles are so fine that

they cannot be seen by the naked eye. The distinction between

coarse- and fine-grained can also be made by sieve analysis with

the number 200 sieve (.074 mm) size particle considered to be

the smallest size visible to the naked eye. In some instances,

the field technicians describing the soils used a number 200

sieve to estimate the amount of fine-grained particles. The

coarse-grained soils are further divided into sands and gravels

by estimating the percentage of the coarse fraction larger than

the number 4 sieve (about 1/4 inch or 5 mm). Each coarse-

grained soil is then qualified as silty, clayey, poorly graded,

or well graded as discussed under plasticity and gradation.

00NATIONAL. OO
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Fine-grained soils were identified in the field as clays or

silts with appropriate adjectives (clayey silt, silty clay,

etc.) based on the results of dry strength, dilatancy, and

plastic thread tests (see ASTM D 2488-69 for details of these

tests).

Dual USCS symbols and adjectives were used to describe soils

exhibiting characteristics of more than one USCS group.

b. Color: Color descriptions were recorded using the follow-

ing terms with abbreviations in parentheses:

White (w) Green (gn)
Yellow (y) Blue (bl)
Orange (o) Gray (gr;
Red (r) Black (blk)
Brown (br)

Color combinations as well as modifiers such as light (1t) and

dark (dk) were used.

c. Range in Particle Size: For coarse-grained soils (sands

and gravels), the size range of the particles visible to the

naked eye was estimated as fine, medium, coarse, or a combined

range (fine to medium).

d. Gradation: Well graded indicates a coarse-grained soil

which has a wide range in grain size and substantial amounts

of most intermediate particle sizes. A coarse-grained soil

was identified as poorly graded if it consisted predominantly

of one size (uniformly graded) or had a wide range of sizes

with some intermediate sizes obviously missing (gap-graded).

T
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e. Density or Consistency: The density or consistency of

the in-place soil was estimated based on the number of blows

required to advance the Fugro drive or split-spoon sampler, the

drilling rate (dlffi:ulty) and/or hydraulic pulldown needed

to drill, visual observations of the soil in the trench or test

pit walls, ease (or difficulty) of excavation of trench or test

pit, or trench or test pit wall stability. For fine-grained

soils, the field guides to shear strength presented below were

also used to estimate consistency.

o Coarse-grained soils - GW, GP, GM, GC, SW, SP, SM, SC
(gravels and sands)

Consistency N-Value (ASTM D 1586-67), Blows/Foot

Very Loose 0 - 4
Loose 4 - 10
Medium Dense 10 - 30
Dense 30 - 50
Very Dense >50

o Fine-grained Soils - ML, MH, CL, CH (Silts and Clays)

Shear Strength
Consistency (ksf) Field Guide

Very Soft <0.25 Sample with height equal to
twice the diameter, sags
under own weight

Soft 0.25-0.50 Can be squeezed between
thumb and forefinger

Firm 0.50-1.00 Can oe molded easily with
fingers

Stiff 1.00-2.00 Can be imprinted with slight
pressure from fingers

Very Stiff 2.00-4.00 Can be imprinted with con-
siderable pressure from

K fingers

Hard Over 4.00 Cannot be imprinted by

I fingers
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f. Moisture Content: The following guidelines were used in

the field for describing the moisture in the soil samples:

Dry : No feel of moisture

Slightly Moist: Much less than normal moisture

Moist : Normal moisture for soil

Very Moist Much greater than normal moisture

Wet At or near saturation

g. Particle Shape: Coarse-grained soils

Angular = Particles have sharp edges and relatively plane
sides with unpolished surfaces

Subangular: Particles are similar to angular but have somewhat
rounded edges

* Subrounded: Particles exhibit nearly plane sides but have
well-rounded corners and edges

Rounded : Particles have smoothly curved sides and no edges

h. Reaction to HCl: As an aid for identifying cementation, some

soil samples were tested in the field for their reaction to

dilute hydrochloric acid. The intensity of the HCl reaction was

described as none, weak, or strong.

i- Degree of Cementation: Based on the intensity of the HCI

reaction and observation, the degree of cementation of a soil

layer was described as weak to strong. Also, the following

stages of development of caliche (cemerted) profile were indi-

cated where applicable.
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Stage Gravelly Soils Nongravelly Soils

i I Thin, discontinuous Few filaments or faint coatings
pebble coatings

j II Continuous pebble coat- Few to abundant nodules, flakes,
ings, some inturpebble filaments
fillings

1 III Many interpebble Many nodules and internodular
fillings fillings

IV Laminar horizon over- Increasing carbonate impregna-
lying plugged horizon tion

j. Secondary Material: Example - Sand with trace to some silt

Trace 5-12% (by dry weight)
Little 13-20% (by dry weight)
Some >20% (by dry weight)

k. Cobbles and Boulders: A cobble is a rock fragment, usually

rounded or subrounded, with an average diameter between 3 and

12 inches (76 and 305 mm). A boulder is a rock fragment, usu-

ally rounded by weathering or abrasion, with an average diameter

of 12 inches (305 mm) or more. The presence of cobbles and/or

boulders was identified by noting the sudden change in drill-

ing difficulty or cuttings in borings or by visual observation

in excavations. An estimate of the size, range, and percentage

of cobbles and/or boulders in the strata was recorded on the

logs.

1. Depth of Change in Soil Type: During drilling of borings,

the depth of changes in soil type was determined by observing

samples, drilling rates, changes in color or consistency of

drilling fluid, and relating these to depth marks on the drill-

j jing rods. In excavations, strata thicknesses were measured with

$ I NATIONAL, INC.
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a tape. All soil type interfaces were recorded on the logs by a

horizontal line at the approximate depth mark.

In addition to the observations recorded relating to soil

descriptions, remarks concerning drilling difficulty, loss of

drilling fluid in the boring, water levels encountered, trench

* fwall stability, ease of excavation, and other unusual conditions
were recorded on the logs.

A5.5 LABORATORY TESTS

Laboratory tests were performed on selected representative un-

disturbed and bulk samples. All laboratory tests (except chemi-

cal tests) were performed in Fugro National's Long Beach labora-

tory. The chemical tests were conducted by Pomeroy, Johnson,

and Bailey Laboratories of Pasadena, California. All tests were

performed in general accordance with the American Society for

Testing and Materials (ASTM) procedures. The types of tests

performed and their ASTM designations are summarized as follows.

ASTM
Type of Test Designation

Unit Weight .......................... D 2937-71
Moisture Content ....................... D 2216-71
Particle-Size Analysis ...... 0-.......... D 422-63
Liquid Limit ...... **.. o..........*... D 423-66
Plastic Limit ............................ D 424-59
Triaxial Compression ................... D 2850-70
Unconfined Compression ................. D 2166-66
Direct Shear ........................... D 3080-72
Consolidation ............................ D 2435-70
Compaction ............................... D 1557-70
California Bearing Ratio (CBR) .......... D 1883-73
Specific Gravity ............. o......0%. D 854-58
Water Soluble Sodium ..... D 1428-64
Water Soluble Chloride ................... D 512-67
Water Soluble Sulfate .................... D 516-68
Water Soluble Calcium D 511-72
Calcium Carbonate D 1126-67
Test for Alkalinity (pH) ................. D 1067-70

-F IN NATIONAL, IND,
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A5.6 DATA ANALYSIS AND INTERPRETATION

A5.6.1 Preparation of Final Logs and Laboratory and Field Test
Summary Sheets

The field logs of all borings, trenches, test pits, and surfi-

cial sample excavations were prepared by systematically combin-

ing the information given on the field logs with the laboratory

test results. The resultant logs include generally the follow-

ing information: description of soil types encountered; sample

types and intervals, lithology (graphic soil column); estimates

of soil density or consistency; depth locations of changes in

soil types; remarks concerning trench wall stability; drilling

difficulty, cementation, and cobbles and boulders encountered;

and the total depth of exploration. Laboratory test results

presented in the logs include dry density and moisture content;

percent of gravel, sand, and fines; and liquid limit and plas-

ticity index. Also, miscellaneous information such as surface

elevation, surficial geologic unit, date of activity, equipment

used, and dimensions of the activity are shown on the log.

Laboratory data were summarized in tables. All samples which

were tested in the laboratory were listed. Results of sieve

analyses, hydrometer, Atterberg limits, in-situ dry strength

and moisture content tests, and calculated dc of saturation

and void ratio were entered on the tables. Test ijmmary sheets

for triaxial compression, unconfined compression, direct shear,

consolidation, chemical, CBR, and compaction tests were prepared

separately.

N
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The Cone Penetrometer Test results consist of continuous plots

of cone resistance and friction sleeve resistance (where fric-

tion cone was used), versus depth from ground surface. Beside

the plot is shown a soil column with USCS soil types encountered

at the test location. Other information presented on the log

includes surface elevation and surficial geologic unit.

Separate volumes titled "Geotechnical Data" present the follow-

ing finalized basic engineering data for each site.

Boring Logs Section 6.0
Trench and Test Pit Logs Section 7.0
Surficial Sample Logs Section 8.0
Laboratory Test Results Section 9.0
Field CBR Test Results Section 10.0
Cone Penetrometer Test Results Drawing 2

A5.6.2 Soil Characteristics

A5.6.2.1 General

The soil characteristics are discussed in two parts, surface

soils and subsurface soils. The following three tables were

prepared for each site and are presented in Sections 4.0 through

10.0 of the report.

1. Characteristics of Surficial Soils;

2. Thickness of Low Strength Surficial Soils; and

3. Characteristics of Subsurface Soils.

The following sections, A5.7.2.2 and A5.7.2.3, explain the data

1analyses and interpretation used in preparing the above tables.

A5.6.2.2 Surface Soils

In order to define the characteristics of the surficial soils,

data from trenches, test pits, borings, surficial soil samples,

OOl~lm NATIONAL, INO.

ii ' .'2



FN-TR-28-I
A-49

cone penetrometer tests, field CBR tests, and surficial geologic

maps were reviewed in conjunction with the laboratory test

results. The soils were then grouped into three or four cate-

gories of soils wit,, similar general characteristics. These

categories, their descriptions, and associated characteristics

were tabulated for each site. These tables (Characteristics of

Surficial Soils, Table X-2) include soil descriptions by the

Unified Soil Classification System, predominant surficial geo-

logic units, the estimated areal extent (percent) of each cate-

gory, important physical properties summarized from laboratory

test results, and certain road design related data.

The important physical properties summarized include the esti-

Vmated cobble content, grain-size analyses, and Atterberg limits.
Ranges for these properties were determined from the field logs

and laboratory test results. These ranges are useful for

categorizing soils, evaluating construction techniques, and

providing data for preliminary engineering evaluations and for

use by other MX participants.

fRoad design data presented in Table X-2 were developed from

field and laboratory tests and consist of three distinct groups:

1. Laboratory test results;

2. Suitability of soils for road use; and

3. Low strength surficial soil.

These road design related data were considered important because

roads (interconnecting and secondary) constitute a major portion

of the geotechnically related costs for the vertical shelter

-- inB NATImAL. INS.
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basing mode. The following paragraphs briefly discuss the

development of road design data.

a. Laboratory Test Rpsults: These include ranges of maximum

dry density, optimum moisture content (ASTM D 1557-70), and CBR

(ASTM D 1883-73) at 90 percent relative compaction for each

soil category. The maximum dry density and optimum moisture

content are important quality control parameters during roadway

construction. California Bearing Ratio is the ratio of the

resistance to penetration developed by a subgrade soil to that

developed by a specimen of standard crushed-rock base material

and is the basis for many empirical road design methods used in

this country.

b. Suitability of Soils for Road Use: Included in this group

Is suitability of soils for use as road subgrade, subbase, or

base. Parameters used to make these qualitative assessments

were characteristics related to CBR, frost susceptibility,

drainage, and volume change potential. The following guidelines

were used In estimating the suitability of soils for road use:

1. Suitability as a road subgrade.

Very Good- soils which can be compacted with little effort
to high CBR values (CBR >30), exhibit low frost
susceptibility, fair to good drainage, and low
volume change potential.

Good -soils which can be compacted with some effort
to moderate CBR values (CBR 15-30) , exhibit
moderate frost susceptibility, fair drainage,
and medium volume change potential.

Fair -soils which can be compacted with considerable
effort to moderate CBR values (CBR 15-30) ,

TI
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exhibit moderate to high frost susceptibility,
I fair to poor drainage, and medium volume change

potential.

* Poor - soils which require considerable effort for
compaction to even low CBR values (CBR <15),
exhibit high frost susceptibility, poor drain-
age, or high volume change potential. These
soils should generally be removed and replaced
with better quality material.

2. Suitability as road subbase or base.

Good - soils which exhibit negligible frost suscepti-ft bility, good drainage, and negligible volume
change potential.

Fair - soils which require some treatment or processing
to upgrade for use.

Poor - soils which would require relatively extensive
processing or soil stabilization to upgrade for
use.

Not
Suitable - soils which cannot be modified to give adequate

roadway support.

The parameters used in the aforementioned suitability ratings

are discussed in the following paragraphs.

i. CBR Characteristics: California Bearing Ratio, which is

commonly used for road design, is dependent on soil type.

A limited number of CBR tests were performed on several

soil types which were representative of the surficial

soils in the various Verification Sites. Based on these

test results, a relationship between CBR and percent fines

(percent passing through No. 200 sieve) was established

and is shown in Figure A5-1. Envelopes for clays and

granular soils with plastic fines and silts and granular

soils with nonplastic fines are shown in the figure. This

} -IsuMA NTIN., ING.
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-A-5
plot was used to estimate the range of laboratory CBR

I values for the various surficial soil categories.

ii. Other Characteristics: These characteristics pertain to

U i frost susceptibility, drainage, and volume change poten-

Stial. They were estimated based on the physical proper-

ties of the soils, results of consolidation tests (for

thawing.

Low - negligible to little potential
Moderate - some potential
Hgh - considerable potential

2. Drainage characteristics pertain to internal movement of
water through soil.

Good - materials which drain rapidly and do not tend
to plug with fines

Fair - natural internal drainage is fairly rapid but

there is some tendency for plugging of voids
wth fines

Poor - internal drainage is somewhat slow and plug-

ging with fines can often occur

~Practically

Impervious - materials which exhibit almost no naturali ainternal drainage

3. Volume change potential corresponds to sol swelling or

shrinkage due to change in moisture content.I Low - 0 to 2 percent volume change

Medium - 2 to 4 percent volume change

I High - > 4 percent volume change

N
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EXPLANATION

. Gravels with nonplastic fines (GNGW. GP,GP-GM,GW-GM)

A Gravels with plastic fines (GC,GC-GM)

0 Sands with nonplastic fines (SP.SW,SMSP-SM.SW-SM)

* Sands with plastic fines (SCSC-SM)

o Silts (4L)

0 Clays (CL.CH.CL-ML)

- - - -.Envelope for silts and granular soils with
nonplastic fines

- Envelope for clays and granular soils with
plastic fines

NOTES.

I Fines correspond to soil passing through No 200

(0 074m: opening) sieve

2 California Bearing Ratio at 90 relative compaction
0

3 Sokl.types (GM,SC) are based on Unified Soil

Classification System.

4. Uniform fine or fine to medium sand.

U 0 o

60 70 80 90 10

PLOT OF LABORATORY CBR VERSUS PERCENT FINES
VERIFICATION SITES, NEVADA-UTAH AND ARIZONA
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C. Low Strength Surficial Soil: Included in this group is

I extent of low strength surficial soil. The roads for the MX

system will be built on existing ground surface with minimum cut

and fill. Therefore, the costs of roads depend on the consis-

j tency (or strength) of the surficial soil. In order to evalu-

ate the strength of the surficial soils, cone penetrometer test

I results were used.

Low strength surficial soil is defined as soil which will per-

form poorly (failure of subgrade) as a road subgrade at its

present consistency when used directly beneath a road section.

In order to define -low strength" using CPT results, the fol-

lowing four approaches were pursued. These approaches are sub-

jective and qualitative and are based on our experience as well

as published literature.

i. Field visual observations: During logging of the borings,

the excavation of trenches, test pits, and obtaining sur-

ficial soil samples, consistency or compactness of the

surficial soils was described qualitatively. A detailed

comparison of the CPT results (cone end resistance) and

the consistency of the soils was done for different soil

I types. Using engineering judgement, an upper limit cone

resistance was established which encompassed a majority

Iof the soils likely to perform poorly as road subgrades.

ii. Standard Penetration Test (SPT): SPT is very widely used

and accepted in geotechnical engineering practice in this

j country. A study of available literature revealed that

T Una NATIONAL, 
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the ratio of cone resistance (qc, tsf) to Standard Pene-

tration Resistance (N, blows per foot) has a certain range

for different soil types. During Nevada-Utah Verification

studies, limited field SPTs were performed in Reveille-

Railroad and Big Smoky sites. Ratios of qc/N were com-

puted for these tests and were found to be comparable

to those reported in literature for similar soil types.

Using the relationships applicable to the soils present in

the Verification sites, an upper limit of cone resistance,

equivalent to midrange of "medium dense" category, was

established for defining the "low strength" of surficial

soils.

iii. In-Situ Dry Density: A comparison was made between

in-situ dry densities determined from Fugro Drive and

Pitcher samples obtained from soil borings and CPT results

at the same locations and depths. From this comparison,

it was observed that identifiable trends do exist between

cone resistance values and soil densities. An upper limit

of cone resistance equivalent to midrange of "medium

dense" category was established for defining the "low

strength" of surficial soils.

iv. Field CBR Tests: Field CBR tests were performed during

Nevada-Utah Verification studies in Reveille-Railroad and

Big Smoky sites. The tests were conducted at depths

ranging between 6 and 30 inches (15 and 60 cm) below

ground surface. At each CBR test location, three Cone

Penetrometer Tests were made. A plot of average field CBR

ON UATIUNA^L IWO.
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CBR and average cone resistance was prepared and is pre-

sented in Figure A5-2. The plot shows the results of the

tests in sands only, since tpsts in gravel and fine-

grained soils were very few. Althoug, there is consider-

I |able scatter, majority of the data points fall in a band

which is shown in Figure A3-2. From this plot, a range of

I CPT resistance corresponding to low field CBR values

a (indicating low strength surficial soils) was established.

As a result of the preceding four approaches, the following

criteria for defining low strength surficial soil were estab-

lished:
qc <120 tsf (117 kg/cm 2) for coarse-grained soils

qc < 80 tsf (78 kg/cm 2 ) for fine-grained soils

These criteria are preliminary at this stage and may be revised

as more data become available from future verification studies.

The criteria were used to determine the extent of low strength

surficial soil at each CPT location. The results are tabulated

in tables titled "Thickness of Low Strength Surficial Soil.,

A5.6.2.3 Subsurface Soils

Characteristics of the subsurface soils were developed using

Idata from seismic refraction surveys, borings, trenches, test

pits, and laboratory tests. It should be emphasized that the

I data base for characteristics of subsurface soils is very

limited since the total number of activities extending below

5 feet (1.5 m) was generally about 10 (5 borings and 5 trenches)

in an area greater than 250 mi 2 (647 km 2 ).

I GUM NATIONAL, IN.
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The soils were divided into coarse-grained and fine-grained

soils in two ranges of depth, 0 to 20 feet and 20 to 160 feet

(0 to 6 m and 6 to 49 m). Physical and engineering properties

of the soils were thin tabulated as "Characteristics of Subsur-

face Soils" based on laboratory test results on representative

samples. The tables include soil descriptions, Unified Soil

Classification System symbols, the estimated subsurface extent

of each soil group, comments on the degree of cementation, esti-

mated cobbles content, and ranges of values from the following

laboratory tests: dry density, moisture content, grain-size

distribution, liquid limit, plasticity index, unconfined com-

pression, triaxial compression, and direct shear.

The excavatability and stability of vertical excavation walls

of a trench or a vertical shelter were evaluated from the

subsurface data using seismic velocities, soil types, shear

strength, presence of cobbles and boulders, and cementation.

Problems encountered during trench and test pit excavations and

drilling of borings were also considered in the evaluation.

lT DDO NATIONAL, IN.
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EXPLANATIONS OF GEOLOGIC STATION DATA

Geologic stations were established at selected locations

I throughout the CDP at which detailed descriptions of surficial

basin-fill deposits or rock were recorded. Locations of all

I geologic stations are shown in Drawing 1, Activity Location

Map. All data taken on surficial basin-fill units at these

stations are listed in Table 1-1 and an explanation of the

column headings in the table is given below. At stations where

rock descriptions were made, only geologic unit designations

are listed. A general explanation of all geologic unit symbols

used in Verification Studies is included at the end of this

section.

Column Heading
Table 1-1 Explanation

Station Number Geologic stations are numbered sequentially.
Where more than one geologic field team worked
in a CDP, stations made by each team are dif-
ferentiated with a letter (A, B, or C) follow-
ing the station number.

i Geologic Unit Generic geologic unit only, i.e. the grain-size
designation (f, s, g, c) is omitted from surfi-
cial basin-fill units. The letter B in the
unit designation indicates a buried deposit notI exposed at the surface.

MPS MM Average maximum particle size in millimeters.

Grain Size Estimated particle size distribution using theI (%B, %C, %G, Unified Soil Classification System. Percent-
%S, %F) ages of boulders (%B) and cobbles (%C) are

g based on the entire deposit, whereas percent-3 ages of gravel (%G), sand (%S) and fines (%F)
are taken only on the fraction composed of
particles less than 3 inches (76 mm) in diam-

1 eter.

USCS Soil class according to the Unified Soil Class-
ification System.

TOONAINLIO
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Munsell Color Soil color based on Munsell Soil Color Chart.

Source Rock Rock types of coarse clasts listed in order of
Types(s) abundance.

* Physical

Properties Data listed in columns 6 through 15 address
specific soil properties. These are listed
below in parentheses following the column
heading number and are also listed at the

3 bottom of Table 1-1. Data are coded with each
numerical entry referring to a specific soil
condition as listed below.

6 (Grain Shape) 1) Angular, 2) Subangular, 3) Subrounded,

4) Rounded, 5) Well rounded

7 (Moisture 1) Dry, 2) Moist, 3) Wet
Content)

8 (Plasticity 1) None, 2) Low, 3) Medium, 4) High
of Fines)

9 (Consistency) Coarse grained: 1) Very Loose, 2) Loose,
3) Medium Dense, 4) Dense, 5) Very Dense,

Fine grained: l)Soft, 2) Firm, 3) Stiff,
4) Hard

10 (Structure) 1) Stratified Tabular, 2) Stratified Other
(lensed, cross bedded, discontinuous beds),
3) Nonstratified

11 (Cementation 1) None, 2) Weak, 3) Moderate, 4) Strong
Induration)

12 (Depth to Depth to layer (in centimeters) exhibiting
Cemented cementation induration described in Column 11
Layers) (above)

13 (Weathering 1) Fresh, 2) Slight, 3) Moderate, 4) Very
of clasts)

14 (Soil 1) None (A-C profile), 2) Poor (incipient
Profile B-horizon), 3) Well (prominant B-horizon)
Development)

15 (Callche 1) Stage I, 2) Stage II, 3) Stage III,
Development) 4) Stage IV, 5) None

SONO NATIONAL, IN.
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-- Drainage

3 DP (M) Average depth of drainages (in meters)
WD (M) Average width of drainages (in meters)

Slope (%) Average slope of ground surface (in percent
grade)

Sample Number of samples taken

I

1
II

I

I 
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GENERALIZED GEOLOGIC UNITS

Explanation

Surficial Basin-fill Units

Al Younger Fluvial Deposits - Major modern stream channel and~flood-plain deposits.

A2 Older Fluvial Deposits - Older incised stream channel and
flood-plain deposits in elevated terraces bordering major
modern drainages.

A3 Eolian Deposits - Wind-blown deposits of sand occurring as
either thin sheets (A3s) or dunes (A3d).

A4 Playa and Lacustrine Deposits - Deposits occurring in
modern, active playas (A4) or in either inactive playas or
older lake beds and abandoned shorelines associated with
extinct lakes (A4o).

A5 Alluvial Fan Deposits - Alluvial deposits consisting of
debris flow and water-laid alluvium near mountain fronts,
grading into predominantly water-laid alluvium deposited in
shifting distributary channels near the basin center.

Younger (A5y) , intermediate (A5i) , and older (A5o) alluvial
fans are differentiated by surface soil development, ter-
rain conditions, and present depositional/erosional environ-
ment.

Grain sizes of these deposits (except A3 deposits, which are

exclusively sandy) are indicated by a single letter (f, s, g,

or c) following the geologic unit symbol. These letters indi-

cate the predominant grain size and range of soil types accord-

ing to the Unified Soil Classification System:

f - fine-grained (ML, CL, MH, CH)

s - sands (SP, SW, SM, SC)

g - gravels (GP, GW, GM, GC)

c - coarse grained with greater than 30 percent boulders
and cobbles (generally GP, GW, GM, GC)

-r-N" NATIONAL, INO.
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ROCK UNITS

I Igneous (undifferentiated). Rocks formed by solidification

of a molten or partially molten mass.

II Intrusive - Pautonic rocks formed by solidification of
molten material beneath the surface (e.g., granite,
granodiorite, diorite, gabbro).

12 Extrusive (intermediate and acidic) - Volcanic rocks of
intermediate and acidic compositon formed by solidifica-
tion of molten material at or near the surface, (e.g.,
rhyolite, latite, dacite, andesite).

13 Extrusive (basic) - Volcanic rocks of basic composition,
generally formed by solidification of molten materials
at or near the surface (e.g., basalt).

14 Extrusive (pyroclastic) - Rocks formed by accumulation
of volcanic ejecta (e.g., ash, tuff, welded tuff, agglom-
erate).

S Sedimentary (undifferentiated) - Rocks formed by accumulation
of clastic solids, organic solids and/or chemically precipi-
tated minerals.

S1 Arenaceous and/or Siliceous Rocks - Composed of sand-
size particles (e.g., sandstone, orthoquartzite) or of
cryptocrystalline silica (e.g., opal, chert).

S2 Carbonate Rocks - Composed predominantly of calcium car-
bonate detritus or chemical precipitates (e.g., lime-
stone, dolomite, chalk).

S3 Argillaceous Rocks - Composed of clay and silt-sized
particles (e.g., siltstone, shale, claystone).

S4 Evaporite Rocks - Precipitated from solution as a result
of evaporation (e.g., halite, gypsum, anhydrite, syl-
vite).

S5 Coarse Clastic Rocks - Composed of gravel sized or larger
clasts (e.g., conglomerate, breccia).

M Metamorphic (undifferentiated) - Rocks formed through
recrystallization in the solid state of preexisting rocks
by heat and pressure (e.g., gneiss, schist, hornfels,
metaquartzite).
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EXPLANATIONS OF GROUND-WATER DATA

jExisting ground-water data in La Posa CDP were collected from

all available sources. These data were updated where possible

from measurements take n during Fugro field operations, and all

data are shown in Table 2-1. Locations of water wells and

boreholes in which water-level measurements were available are

shown in Drawing 1. Well numbers listed in Column 1 (Table 2-1)

refer to well locations in Drawing 1. Actual well numbers

giving location according to the Bureau of Land Management Land

Survey System are shown in Column 2.

Water levels generally refer to the static ground-water table in

the unconfined basin-fill aquifer. Perched conditions or levels

in artesian aquifers are noted where known.

L " •ATI--L. 1".



Page 1 of3

ELEVATION WATER LEVEL
OF GROUND DEPTH OF DEPTH AR LEVTIO
SURFACE- WELL- BELOW EETION-WELL WELL LOCATION FEET FEET GROUND DATE FEET REFERECES**/NO. NUMER SURFACE- MEi."UREO (METERS) REMARKS
(METERS) (METERS) FEET ABOVE

ABOVE M.S.L. (METERS) N.S.L.

W1 (B-8-19) 34daa 609 - - - 1,2

(186)
W2 (B-7-17) 6bad 830 - 108 1975 722 4

(253) (33) (220)
W3 (B-7-17) 9cbd 779 158 112 1967 667 4

(237) (48) (34) (203)
W4 (B-7-17) 9ddb 795 - 102 1975 693 4

(242) (31) (211)
W5 (B-7-19) 10d 830 1400 472 1968 358 5/Log

(253) (427) (144) (109)
W6 (B-7-19) 24bab 860 2500 515 1968 345 5/Log

(262) (762) (157) (105)
W7 (B-5-19) 2aaa 893 700 DRY 1974 - 2, 5

(272) (213)
W8 (B-5-19) 32aac 726 44 35 1962 691 2

(221) (13) (11) (211)
W9 (B-5-20) 8dcc 505 - - 1967 - 4

(154)
W10 (B-4-19) l6adc 833 44 24 1969 809 2

(254) (13) (7) (247)
Wil (B-4-19) l6bcd 833 - 31 1973 802 2

(254) (9) (244)
W12 (B-4-19) l6cac 838 65 35 1973 803 2

(255) (20) (11) (245)
W13 (B-4-19) 22bca 868 90 56 1973 812 2

(264) (27) (17) (248)
W14 (B-4-19) 22bcb 889 48 76 1973 813 2

(271) (15) (23) (248)
W15 (B-4-19) 21caa 858 - 26 1973 832 1,2

(262) (8) (254)
W16 (B-4-19) 21dac 868 60 22 1973 846 2

(265) (18) (7) (258)
W17 (B-4-19) 2lddb 877 62 27 1973 850 2

(267) (19) (8) (259) 1

*Gila and Salt River Baseline and Meridian
**References

1) Metzger et. al. (1973)
2) U.S. Geological Survey (1975)
3) U.S. Geological Survey (1978a)
4) U.S. Geological Survey (1978b)
5) U.S. Geological Survey (1979)

GROUND WATER DATA
VERIFICATION SITE, LA POSA CDP, ARIZONJ

MI SITING INVESTIGATION TAML

NOTE: All wells tap unconfined alluvial aquifers axceptR 2-1
Where noted. Where published data are lacking of DEPARTMENT OF THE AIR FORCE - SAM$O 1 of 3
inaccurate, ground surface elevations are taken 1
f topographic maps. , 0110 NATDORALINNC.

AFV-Il
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Page 2 of 3

ELEVATION WATER LEVEL
OF GROUND DEPTH OF DEPTH
SURFACE- WELL- BELOW ELEVATION-

WELL WELL LOCATION FEET FEET GROUND DATE FEET REFERENCES"/
No. NUMBER* SURFACE- MEASURED (METERS) REMARKS(METERS) (METERS) FEET ABOVE

ABOVE N.S.L. (METERS) M.S.L

W18 (B-4-19) 23ccd 920 146 120 1962 800 2
(280) (44) (37) (244)

W19 (B-4-19) 27cdd 918 - 97 1973 821 2
(280) (30) (250)

W20 (B-4-19) 29aad 875 49 1976 836 4
(267) (15) (255)

W21 (B-4-19) 29dab 905 - 74 1973 831 2
(276) (22) (253)

W22 (B-3-18) 3bbb 1474 300 300 - 1174 2/Rock
(449) (91) (91) (358)

W23 (B-3-18) 31cdd 1320 615 DRY - 705 2
(402) (187) (215)

W24 (B-3-19) 9ccc 982 152 28 1978 954 4
(299) (46) (8) (291)

W25 (B-3-19) 20cbb 1002 - 112 1973 890 2
(305) (34) (271)

W26 (B-3-19) 29aab 1037 184 143 1974 894 2
(316) (56) (44) (272)

W27 (B-3-19) 29abb 1026 - 118 1974 908 2
(313) (36) (277)

W28 (B-3-19) 29bcc 1009 120 1968 889 2
(307) (37) (271)

W29 (B-3-20) 16dba 1400 265 11.9 1971 1281 2/In Rock
(428) (81) (36) (390)

W30 (B-2-17) 19cab 1723 - 35 1973 1688 2
(525) (11) (514)

W31 (B-2-18) 9dcd 1490 177 120 1973 1370 2
(454) (54) (37) (418)

W32 (B-2-18) 9ddd 1514 102 50 1968 1464 2
(461) (31) (15) (446)

W33 (B-2-18) llcac 1580 16 3 1968 1577 2
S(481) (5) (i) (481)

W34 (B-2-18) l4abb 1602 11 8 1968 1594 2
I (494) (3) 1(2) 1(486)

*Gila and Salt River Baseline and Meridian
**References

1) Metzger et. al. (1973)
2) U.S. Geological Survey (1975)
3) U.S. Geological Survey (1978a)
4) U.S. Geological Survey (1978b)
5) U.S. Geological Survey (1979)

GROUND WATER DATA
VERIFICATION SITE, LA POSA CDP,

ARIZONA

SI I TA E
NOTE: All wells tap unconfined alluvial aquifers except MX SITNG INVESTIGATION 2-1

where noted. Where published data are lacking or DEPARTMENT OF THE AIR FORCE - SAMSO 2 of 3
inaccurate. ground surface elevations are taken
from topographic maps. man ONAWTIONAL, INCM.

AFV-1I
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j Page 3 of 3

ELEVATION WATER LEVEL
OF GROUND DEPTH OF DEPTH EEVArIO-

WELL WELL LOCATION SURFACE- WELL- BELOW ELFEET RFEC-
FEET FEET GROUNO DATE FEET REFERENCES/

NO. NUMBER* SURFACE- MEASURED (METERS) REMARKS
(METERS) (METERS) FEET ABOVE

ABOVE *.S.L. (METERS) M.S.L.

W35 (B-2-18) l6aaa 1514 48 1968 1466 2
(461) (15) (447)

W36 (B-2-18) 24add 1702 - 33 1973 1669 2
(519) (10) (509)

W37 (B-2-19) 31cda 1140 844 DRY - 1096 5/Log
(347) (257) (334)

*Gila and Salt River Baseline and Meridian
**References

1) Metzger et. al. (1973)
2) U.S. Geological Survey (1975)
3) U.S. Geological Survey (1978a)
4) U.S. Geological Survey (1978b)
5) U.S. Geological Survey (1979)

GROUND WATER DATA
VERIFICATION SITE, LA POSA CDP,

ARI ZONA

NOTE: All wells tap unconfilned alluvial aquifers except MX SITING INVESTIGATION 21
where noted. Where published data are lacking or DEPARTMENT OF THE AIR FORCE - SAMSO 3 of 3
Inaccurate, around surface elevations are taken
frop topographic maps. -- UO DO NAIONAL. IN . ,,

AFV-i
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I EXPLANATIONS OF SEISMIC REFRACTION DATA

3 Each figure shows seismic wave travel times plotted versus sur-

face distance between the energy source (shot) and the detector

(geophone) for a single seismic line. Distances are measured

1along the line from geophone number 1 which is designated as

zero distance. Distances to the right (on the paper) of geo-

phone 1 are positive. The direction arrow gives the approxi-

mate direction of the geophone array from geophone 1 to geo-

phone 24.

Travel Time Versus Distance Graph (Upper Half of Figure)

This is a travel time versus distance graph. The abscissa

represents distance; the ordinate, time. The six vertical

lines represent the locations of shots (designated as F, G, H,

I, J, and K). The symbol, X, denotes travel times at geophones

that were located to the right of a shot. The symbol, 8,

denotes travel times that were located to the left of shots,

Velocity Cross Section (Lower Half of Figure)

This is an interpreted velocity cross section beneath the seis-

mic line. The top line represents the ground-surface profile.

The short vertical lines crossing the top line mark the geo-

phone positions. The depth scale is plotted relative to a

point on the line which was arbitrarily chosen as "zero eleva-

I tion" at the time the line was surveyed. The additional lines

across the cross section represent the interpreted boundaries

between layers of material with different compressional wave

I velocities. These boundaries are commonly called "refractors",

The velocity Interpreted to be representative of each layer is

shown. " NATIONAL, |91.SP ;eJ UA
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EXPLANATIONS OF ELECTRICAL RESISTIVITY DATA

IEach figure in this section presents the data obtained from a

resistivity sounding and a tabulated model of resistivity

1 layers that would produce a curve similar to the observed

curve.

The upper portion of the figures is a graph in which measured

apparent resistivity values in ohm-meters are plotted versus

one-half the distance between the current electrodes.

The interpreted model tabulated at the bottom of the page shows

a combination of true resistivity layers and thicknesses

obtained by matching theoretical curves to the field curve.
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FN-TR-28 I

ELECTRODE SPACING - AB/2. (METERS)

10 20 40 60 s0 100
1O00 i ( i I

800 _

t ~600 . . .see-

400

S 200

Z- 100
- __o_ __
94

, 6

40

20

101
10 20 40 so 80 100 20040

ELECTRODE SPACING -AB/2
(FEET)

INTERPRETED MODEL
LAYER DEPTH RESISTIVITY VALUES

FEET METERS OH*6-NIETER

175 470 SOUNDING CURVE AND INTERPRETATION
14 45 100 V RIS TINVITEL SOUDING RIZON

__________MX SITING________ INVESTIGATION floullil

0EPARTMENT OF THE AIR FORCE - SAMSO 1 4.1

so AUG 79FYI

- , ' I" l



FN-TR-28- I

ELECTRODE SPACING - AB/2
(METERS)

5 10 20 40 60 60 100

1000 - -

IOOO-
Boo

400

- 200 s~J

S 100

40

= __ _ _ _ _ _

IO0 . -____' - -

40

20

101
10 20 40 60 0 100 200 400

ELECTRODE SPACING - AB/2
(FEET)

INTERPRETED MODEL
LAYER DEPTN RESISTIVITY VALUES

FEET METERS OH KTER

0 0 80 RESISTIVITY SOUNDING LP-R-2
4 1, 45 SOUNDING CURVE AND INTERPRETATION
24 7 600 VERIFICATION SITE, LA POSA COP, ARIZONA
102 31 260

X SITING INVESTIGATION FISouI

OEPARTMENT OF THE AIR FORCE - SAMSO 4-2

10 AUG 70 -AFV-li

rI- N



_1

FN-TR-28- I

ELECTRODE SPACING - AB/2
(METERS)

5 10 20 40 60 60 100
1 0000

o0000

noon

4000

- i 2000

. 1000

400

800

i "

400

20

10

10 20 40 s0 s0 100 200 400

ELECTRODE SPACING - AB/2
(FEET)

INTERPRETED MODEL
LAYER DEPTH RESISTIVITY VALUES

FEET METERS OHS0-METER
0 0 230 RESISTIVITY SOUNDING LP-R-3
21 6 410 SOUNDING CURVE AND INTERPRETATION
75 23 200 VERIFICATION SITE, LA POSA COP, ARIZONA

103 56 130
________MX SITING INVES7IGATION

DEPARTMENT OF THE AIR FORCE - SAMSO 4-3

NATIO"""' BmOm
10O AUG 70 AFV-15



i FN-TR-28 I

ELECTRODE SPACING - A/2
(METERS)

S5 10 20 40 80 80 100
10000

8000

I , o0

4000

2000 -

lI
c-

1000

- 800

m 600

; 400 "

200

100- -

10 20 40 60 s0 100 200 400

ELECTRODE SPACING - AD/2
(FEET)

INTERPRETED NODEL
LAYER DEPTN RESISTIVITY VALUES

FEET METERS 1H6N41ETER
0 0 220 RESISTIVITY SOUNDING LP-R-4
17 5 690 SOUNDING CURVE AND INTERPRETATION
150 46 260 VERIFICATION SITE, LA POSA COP, ARIZONA

MX SITING INVESTIGATION flevl

DEPARTMENT OF THE AIR FORCE - SAMSO 4-4

10 AUG 79 AFV-15

":- . . .... .. . . . . ... n-t . ,1 'a1 * . a



FN-TA-28-I

ELECTRODE SPACING - * '2
I(METERS)

5 10 20 40 60 80 100• ~~~~~~10000 i[ i

' ~ ~~~~8000 ... . . . . -.. . . . ....0000-. . -.. .. . ..-..... 4

6000

4000 I . - - - -

2000

1000

a-
600 -

200

200

to 20 40 0 80 loo 200 400

ELECTRODE SPACING - A8,12
(FEET)

INTERPRETED MODEL
LAYER DEPTH RESISTIVITY VALUES

FEET METERS Olil-ETER _______________________

0 0 210 RESISTIVITY SOUNDING LP-R-5
ID 3 140SOUNDING CURVE AND INTERPRETATION

155 47 290 VERIFICATION SITE, LA POSA COP. ARIZONA

___ ___ __ ___ ___ ___ ___MK SITINC INVESTIGATION j IGUmI

DEPARTMENT Of ,E AIR FORCE SAMSO 1 4-5

_____________________- E D ATIOWAL. IWO.I

ELCTOD AUGIN - 1,

jFET



FN-TR- 28- I

ELECTRODE SPACING - AB/2
(METERS)

5 10 20 40 60 80 100
1000 - - - - -

800 --

600

400 ____________ --

..2..=- -2-0- -

oo , - --

' " -

20

10 40 60 80 100 2000

0 2'20

A2O

ELECTRODE SPACING-AB/2

(FEET)
INTERPRETED MODEL

LAYER DEPTH RESISTIVITY VALUES

FEET METERS OHM,,ETER
0 0 80 RESISTIVITY SOUNDING LP-R-b
77 23 120 SOUNDING CURVE AND INTERPRETATION

VERIFICATION SITE, LA POSA COP, ARIZONA

MX SITING INVESTIGATION i OG uAE

DEPARTMENT OF THE AIR FORCE SAMSO 4-6
__a____ NATIONAL INO.

10 AUG 79 AV1



FN-TO-20- I

ELECTRODE SPACING - AB"2
(METERS)

5 10 20 40 60 80 100
1000 -. ....

800

600

400 _ _ 1 1 1 1_ _ -

S 200__ _ _ __ _ _
too

100
I-0

..

S 60 _ _ __ _

a-.

40

20

10 20 40 60 80 100 200 400

ELECTRODE SPACING - AB/2
(FEET)

INTERPRETED 
MODEL

LAYER DEPTH RESISTIVITY VALUES

FEET METERS ONE-IETER
0 0 130 RESISTIVITY SOUNDING LP-R-7
7 2 230 SOUNDING CURVE AND INTERPRETATION

41 12 60 VERIFICATION SITE, LA POSA COP, ARIZONA

MX SITING INVESTIGATION FIGURE

DEPARTMENT OF THE AIR FORCE SAMSO 4-7

- UNO NATIONAL. eND,
10 AUi 79 AFV-15



FM TI-28- I

ELECTRODE SPACING - AB"2
(METERS)

U5 10 20 40 80 80 100
1000

7 ! '° ° °  oo o
400 - -

200 . ... . -

W|

3..

woo -- ! - - - - - - ___

I -____

400 '' I I - -

Lhi

Lfi 60- - - - - _ _ _ _ _ _

40 -- --- __

200

10 - 1 1 1 1 1 1 1

10 20 40 60 80 100 200 400

ELECTRODE SPACING - AB'2
(FEET)

INTERPRETED MODEL
LAYER DEPTH RESISTIVITY VALUES

FEET METERS OHSI-METER _______________________

0 0 40 RESISTIVITY SOUNDING LP-R-B
109 33 25 SOUNDING CURVE AND INTERPRETATION

VERIFICATION SITE, LA POSA COP, ARIZONA

_________________ ___________________MI SlUING INVESTIGATION ;6R

DEPARTMENT OF THE AIR FORCE SAMSO 4-6

i- END NATIONAL, IU
to Aus 7 AFv- 5

P.,



j FN-TR-28- I

ELECTRODE SPACING - iB/2
I (METERS)

10 20 40 60 80 100
1000

BoDo

i Boo

400-

I200

100

1t

I-

40

20 ____

101,- --,,

10 20 40 60 0 100 200 400

ELECTROOE SPACING - A0/2
(FEET)

INTERPRETED 
MODEL

LAYER DEPTN RESISTIVITY VALUES

FEET METERS ONi-ETER

0 0 155 RESISTIVITY SOUNDING LP-R-9
9 3 l lOSOUNDING CURVE AND INTERPRETATION

52 16 25 VERIFICATION SITE, LA POSA CDP, ARIZONA

- TNX SITING INVESTIGATION frlevnt

DEPARTMENT OF THE AIR FORCE - SANSO | 4-9
imO]NATmanAI ,

10 AUlG 79 AFV-15

. . .. ..- .. t1!" __ ' I ' _ * m-



FN-TR- 20- 1

ELECTRODE SPACING - A8/2
(METERS)

5 10 20 40 80 80 100
1000

400

- 200

a.

so

40

200

10 20 40 so 60 100 200 400

ELECTRODE SPACING A8/2
(FEET)

INTERPRETED MODEL
*1LAYER DEPTH RESISTIVITY VALUES

FEET METE_ _ _____ET

0 0 310 RESISTIVITY SOUNDING LP-R-10
7 2 85 SOUNDING CURVE AND INTERPRETATION

I'I

47 14 35 VERIFICATION SITE, LA POSA COP, ARIZONA

12237 4 X SITING INVESTIGATION Fl olel

DEPARTMENT OF THE AIR FORCE - SAMSO 4-10

10 AVG 79 AFV-15

soft-



FN-TR-28 I
ELECTRODE 

SPACING 
- A812

50(METERS)

5 20 40 60 60 100

F 800

400 -

- 200

I

101

40 

-

IO
10 20 40 s0 60 100 200 400

ELECTRODE SPACING - AB/2
(FEET)

INTERPRETED MODEL 
(ET

LATER DEPN RESISTIVITY VALUES
FEET METERS 0"' ' IER __,,41_TI_

0 0 20 RESISTIVITY SOUNDING LP-R-1

5 2 40 SOUNDING CURVE AND INTERPRETATION
29 9 13 VERIFICATION SITE, LA POSA COP, ARIZONA

MIl SITING INVESTIGATION 
fIlolvnt

J DPARKTMENT OF THE AIR FORCE[ - SAMSO 4-11I

10 No T9 AV-15

A 
4



FN -TR 28 -1

ELECTRODE SPACING - £/2

10 (METERS)
5 020 40 50 Be loo

1000- - _ _ _ _

~* 100

to-
10 20_ 40 6 s oo20 0

0 - It REITVT-OUDN PR

10 20 505 0

SOUENDINTG CUVODELNTRREATO

23 7 155 VERIFICATION SITE, LA POSA COP, ARIZONA
32 10 65 _______________________

51 16 20 MX SITING INVESTIGATION I '''l

- ______________DEPARTMENT OF THE AIR FORCE - SAMSO 4-12

10 AVG 79 -AFV-15



I FN-TR-28- I

ELECTRODE SPACING -AB2

(METERS)
5 1o 20 40 ED 80 100

i ; ~~i~ooo i i i i

800

800___

400

400 - - -1 -- I ______________

I-I

200

80 2

II

ELECTRODE SPACING -AB'2

(FEET)
INTERPRETED MODEL

LAYER DEPTH RESISTIVITY VALUES
FEET METERS OHM-METER _______________________

a 0 I0a RESISTIVITY SOUNDING LP-R-13
7 2 35_________ SOUNDING CURVE AND INTERPRETATION
42 13 95 VERIFICATION SITE, LA POSA COP, ARIZONA
50 24 60

OEPARTIMiNT Of NE~ £1Q fQOf SAvsc 14- f3

____ ____ ___ ____ ____ ___ _ - 911ATIONAL. I1NO.
10 AUG 7g AFV-15

I .i



FN-TR-26- I

ELECTRODE SPACING - AB '2
(METERS)

10 20 40 '0 80 100

1000 - -

800 I
400 - -

200

c, 80a- ... .._

a-

20 . .. --

10 20 40 60 80 100 200 400

ELECTRODE SPACING -AB'2

INTERPRETED MODEL (ET

LAYER DEPTH RESISTIVITY VALUES

FEET METERS OHE-METER

0 . .. . . .

0 0 RESISTIVITY SOUNDING LP-R-14
12 4 SOUNDING CURVE AND INTERPRETATION

61 19 280 VERIFICATION SITE, LA POSA COP, ARIZONA
83 25 120 60 0 00200400

MX SITING INVESTIGATION P RIGUN E

5EPARTMENI OF THE AIR FORCE SAPSO 4-14

_____,12 __________45 __ _SOUNDN NATIONAL, Ina.I 0 IC 79 AFV-1 5

iW i



FN TA 28- I

ELECTRODE SPACING - AB '2
(METERS)

1 10 20 40 C0 80 100

1000 - - - ---

r, 00 ..

400 . . . . .... - . ..-

200 ____o-- . .. .-

800

-

40

20

10 20 40 60 80 100 200 400

ELECTRODE SPACING - AB,'2
(FEET)

INTERPRETED MODEL
LAYER DEPTH RESISTIVITY VALUES

FEET METERS OHII-NETER _______________________

0 0 140 RESISTIVITY SOUNDING LP-R-15

8 2 65SOUNDING CURVE AND INTERPRETATION
42 13 95VERIFICATION SITE, LA POSA COP, ARIZONA

4OX SITING INVES71GATION "Gual

flEPARIMENI 0F THE AIR FORCE SAMSC 4-15

_________ ________ ________ - E WATIONAL EU.
10 AVG 79 AFV-15

, I
2 'q



ELECTRODE SPACING - AB 7
(METERS)

5 10 20 40 (;0 80 100

800

400 4 -.... . 4 _

200 . -

It LJ

~. 100

I- ___, -

= -

S 60-

40

20102

0 .. . . ... ... .200 400

ELECTRODE SPACING - AB'2
(FEET)

INTERPRETED MODEL
LAYER DEPTH RESISTIVITY VALUES

FEET METERS ON1-ETER

2 40 RESITIVITY SOUNDING LP-R-16I2 ____ _ 40SOUNDING CURVE AND INTERPRETATION

32 10 130 VERIFICATION SITE, LA POSA COP, ARIZONA

MX SITING INVESTIGATION " G fS l[

OEPARIMENT 0$ THE AIR FORCE ',AVSGI 4"16

SR gO NATrIONAL INC.

to AUG 79 AFV-15'I



FN-TR-28- I

ELECTRODE SPACING - AB/2
(METERS)

5 10 20 40 s0 80 100

1000

890

800

-400

200

a

100 O0

- 80

40

20

I--
lo 20 40 60 s0 100 200 400

ELECTRODE SPACING - AB/2
(FEET)

INTERPRETED IUOEL

LAYER DEPTH RESISTIYITY YALUES
FEET METERS ONH-UTER

O 0 40 RESISTIVITY SOUNDING LP-R-17
5 2 90 SOUNDING CURVE AND INTERPRETATION
28 8 75 VERIFICATION SITE, LA POSA COP, ARIZONA

69 21 310

MX SITING INVESTIGATION F'eURI
OEPARTMENT OF THE AIR FORCE SAMSO 4-17

ID AUG 79 AFV-I!



3 FN-TR-29- I

ELECTRODE SPACING - A8/2
(METERS)

I Io 20 40 60 80 I00
1000 .. .

800 ---

600

400

S 200

1 00

80

4 r

4-

20.

10
10 20 40 60 80 00 200 400

ELECTRODE SPACIG -A82

(FEET)
INTERPRETED MbDEL

LAYER DEPTH RESISTIVITY VALUES
FEET METERS OH8-0ETER

0 a 45__ __

A 1E R RESISTIVITY SOURDIVG LP-R-
510 0 ___ 30SOUNDING CURVE AND INTERPRETATION

108 33 30 VERIFICATION SITE, LA POSA COP, ARIZONA

EMX SITING INVESTIGATION FIGURE

DEPARTMENT OF THE AIR FORCE SAMSO 4-18

'lJ_- NO NATIONAL, INO.
1 0 AUG 79 AFV-15 1



FN-TR-28- 1

ELECTRODE SPACING - AB/2
(METERS)

5 10 20 40 o0 80 100
100

400

t- 200

I ___-_

100

I-

a'-' 80-

40 - _______ ___

20

101
11 20 40 60 S0 100 200 400

ELECTRODE SPACING - AB/2
(FEET)

INTERPRETED NODEL
LATER DEPTH RESISTIVITY VALUES

FEET METERS ONiETER
0 0 60 RESISTIVITY SOUNDING LP-R-19

7 2 30 SOUNDING CURVE AND INTERPRETATION
35 11 440 VERIFICATION SITE, LA POSA COP, ARIZONA

84 26 170

MX SITING INVESTIGATION

DEPARTMENT OF THE AIR FORCE - SAMSO 4-19

10 AUG 79 AFV-15



$ --

I
'3

I
I

SECTION 5.0

GRAVITY DATA

is
'1

* "-~*a.



FM -TR-28-1

5-1

I EXPLANATIONS OF GRAVITY DATA

i Gravity data were not available in time (prior to June 1979)

for incorporation into this report. A supplemental report

containing gravity data and results will be issued at a later

~~date.
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EXPLANATIONS OF BORING, TRENCH, AND TEST PIT LOGS

All data from borings, trenches, and test pits are presented on

standard Fugro National logs in Sections 6.0 and . The

following explanations are provided as a key to the logs.

A. Designations - Borings, trenches, and test pits are identi-

fied as follows:

LP-B-l
LP - abbreviation for the site (e.g., LP-La Posa)
B - abbreviation for activity (e.g., B-boring, T-trench,

' P-test pit)

1 - number of activity

B. Sample Type - Different sampling techniques were used and

the symbols are explained at the bottom of the boring logs.IFor details of sampling techniques, see Section A5.0 of

Appendix A in Volume I. Horizontal lines, to scale, indi-

cate the depth where sampling was attempted.

C. Percent Recovery - The numbers shown represent the ratio

(in percent) of the soil sample recovered in the sampler to

the full penetration of the sampler.

D. N Value - Corresponds to standard penetration resistance,

which is number of blows required to drive a standard

split-spoon sampler for the second and third of three

6-inch (15 cm) increments with a 140-pound (63.5 kg) hammer

falling 30 inches (76 cm) (ASTM D 1586-67).

E. Depth - Corresponds to depth below ground surface in meters

and feet.

F. Lithology - Graphic representation of the soil and rock

j! types.

I OAUnAt. one.
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G. USCS - Unified Soil Classification System (see Table 6-1 for

complete details) symbols.

H. Soil Description - Except in cases where samples were clas-

sified based on laboratory test data, the descriptions are

based on visual classification. The procedures outlined in

ASTM D 2487-69, Classification of Soils for Engineering

Purposes, and D 2488-69, Description of Soils (Visual-Manual

Procedure) were followed. Solid lines across the column

indicate known change in strata at the depth shown.

Definitions of some of the terms and criteria to describe

soils and conditions encountered during the exploration

follow.

Gradation : coarse-grained soil is well graded if it has

a wide range in grain size and substantial

amounts of most intermediate particle sizes.

Poorly graded indicates that the soil consists

predominantly of one size (uniformly graded) or

has a wide range of sizes with some intermedi-

ate sizes obviously missing (gap-graded).

Moisture : Dry - no feel of moisture
Slightly Moist - much less than normal moisture
Moist - normal moisture for soil
Very Moist - much greater than normal

moisture
Wet - for soils below the water

table (if known)

T ONO NAIONL IND
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Consistency: Consistency descriptions of coarse-grained

soils (GW, GP, GM, GC, SW, SP, SM, SC) are as

fo 1 lows.

N Value
Consistency (ASTM D 1586-67)

Very Loose 0 - 4
Loose 4 - 10
Medium Dense 10 - 30
Dense 30 - 50
Very Dense >50

Consistency descriptions of fine-grained soils

(ML, CL, MH, CH,) are as follows:

Shear Strength

Consistency (ksf) (kn/m2 ) Field Guide

Very Soft 0.25 12 Sample with
height equal to
twice the diam-
eter, sags under
own weight

Soft 0.25- 12 - Can be squeezed
0.50 24 between thumb and

forefinger

Firm 0.50- 24- Can be molded
1.00 48 easily with

fingers

Stiff 1.00- 48- Can be imprinted
2.00 96 with slight pres-

sure from fingers

Very Stiff 2.00- 96- Can be imprinted
4.00 192 with considerable

pressure from
fingers

Hard over over Cannot be im-
4.00 192 printed by

fingers

Grain Shape: Angular - particles have sharp edges and
relatively plane sides with
unpolished surfaces.

hN NATIONAL, INO.

- ---IL
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Subangular - particles are similar to angular
but have somewhat rounded
edges.

Subrounded - particles exhibit nearly plane
sides but have well-rounded
corners and edges.

Rounded - particles have smoothly curved

sides and no edges.

Calcareous Containing calcium carbonate; presence of cal-

cium carbonate is commonly identified on the

basis of reaction with dilute hydrochloric

acid.

Caliche Soils cemented by porous calcium carbonate

and/or other soluble minerals by upward-moving

solutions.

Degree of

Cementation: (Stages of development of caliche profile)

Stage Gravelly Soils Nongravelly Soils

I Thin, discontinu- Few filaments or
ous pebble coatings faint coatings

II Continuous pebble Few to abundant
coatings, some nodules, flakes,
interpebble fill- filaments

ings

III Many interpebble Many nodules and
fillings internodular

fillings

IV Laminar horizon Increasing carbon-
overlying plugged ate impregnation
horizon

Secondary

Material Example - Sand with trace to some silt

Trace - 5-12% (by dry weight)
Little - 13-20% (by dry weight)
Some - >20% (by dry weight)

ONO NATIONA., NC.
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Plasticity Plasticity index is the range of water con-

tent, expressed as a percentage of the weight

of the oven-dried soil, through which the soil i

is rlastic. It is defined as the liquid limit

minus the plastic limit. Descriptive ranges

used on the logs incltude:

Nonplastic (PI, 0 - 4)
Slightly Plastic (PI, 4 - 15)
Medium Plastic (PI, 15 - 30)
Highly Plastic (PI, >30)

Cobbles and
Boulders A cobble is a rock fragment, usually rounded

by weathering or abrasion, with an average

$ diameter ranging between 3 and 12 inches (8

and 30 cm).

A boulder is a rock fragment, usually rounded

by weathering or abrasion, with an average

diameter of 12 inches (30 cm) or more.

I. Remarks - This column was provided on boring and trench logs

for comments regarding drilling difficulty, number and size

of cobbles or boulders encountered, trench wall stability,

loss of drilling fluid in the boring, and other conditions

encountered during drilling and excavations.

J. Dry Density and Moisture Content - The boring logs include

a graphical display of laboratory test results for dry den-

sity (ASTM D 2937-71) in pounds per cubic foot and kilograms

cubic meter and moisture content (ASTM D 2216-71) in percent

from representative samples taken during drilling. The sym-

bols are explained at the bottom of the boring logs.

T mn NATIONAL, INC.
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K. Seive Analysis - The numbers represent the percentage by

dry weight (ASTM D 422-63) of each of the following soil

components:

r R - Gravel, roc'. particles that will pass a 3-inch (76 mam)
sieve and are retained on No. 4 (4.75 mm) sieve.

SA - Sand, soil particles passing No. 4 sieve and retained
on No. 200 (0.075 mm) sieve.

FI - Fines, silt or clay, soil particles passing No. 200
sieve.

L. Atterberg Limits (LL and PI) -

LL - Liquid Limit, the water content corresponding to the
arbitrary limit between the liquid and plastic states
of consistency of a soil (ASTM D 423-66).

PL - Plastic Limit, the water content corresponding to an
arbitrary limit between the plastic and the semisolid
state of consistency of a soil (ASTM D 424-59).

PI - Plasticity Index, numerical difference between the
liquid limit (LL) and the plastic limit (PL) indicat-
ing the range of moisture content within which a soil-
water mixture is plastic.

NP - Nonplastic.

M. Miscellaneous Information -

Elevations - indicated elevations on the logs are esti-
mated from topographic maps of the study
area, within an accuracy of half the con-
tour interval.

Surficial
Geologic Unit - indicates the surficial geologic unit in

which the activity is located.

Date Drilled - indicates the period from beginning to
completion of the activity.

Drilling
Method - signifies the type of drilling procedure

used such as rotary wash.

Hole Diameter - nominal size of boring drilled.

Water Level - indicates depth from ground surface to water
table where encountered.

T"Sao NATIUNAL. IN .
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Trench Length - length at ground surface of final trench
excavation.

Trench
Orientation - bearing of lonqjitudinal trench centerline.

I
I

-- am. NATIENAL, mo.
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EXPLANATIONS OF TRENCH AND TEST PIT LOGS

See Section 6.0, "Boring Logs", for explanations.
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3j DEPTH 3

* ,SOIL DESCRIPTION -REMARKS ANALYS IS

0. ____________________S

SAND, yellow brawn, line, poarly
*loose graded. subangular to subrounded, 0 so 10

slightly moist. calcareous; trace
... silt. saws fine to coarse angular

to subangu la r gravelI (1I1 .0'- 12 .0),
s tage ][Ica Iiche (4.0'-7. 0)

4

8 SP-medium vert ical
SN dense walls stable

dense 38 55
12

* I medium
4 ..... dense

14J
- TOTAL DEPTH 14.0' (4 3m)

16-
IL

18-

TRENCH DETAILS
SURFACE ELEVATION 800' (244m)
DATE EXCAVATED :20 February 1979 LOG OF TRENCH LPT-1ISURFICIAL GEOLOGIC UNIT: A3d VERIFICATION SITE, LA POSA COP, ARIZONA
TRENCH LENGTH :18' (4.9m)II
TRENCH ORIENTATION :E-W MI SITING INVESTIGATION fievsug

DEPARTMENT OF THE AIR FORCE -SAMSO 7- 1

W-0 ATIO AIS
10 AUG 79 AFY-04
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tl DEPTH- _ _ _ _ _ _ _ _ _ _ _ _ _ _

IL.4 z SIEVE

SOIL DESCRIPTION REMARKS ANALYSIS

~~G aIa IS SA IFtI LLI Pt

- _______ -GRAVELLY SAND. yellow brown, fine to
coarse. poorly graded, slightly moist. 26 51 23
angular. calcareous; some fine to
coarse gravel; some silt.

2-

SILTY SAND. light brown, fine to vertical
coarse, poorly graded, slightly walls stable

4medium moist, angular. calcareous; some
* SM dense silt: stage ILceliche (2.7'-3.5').

to
* dense

2

SAND. light brown, fine, poorly
-3 10 graded, dry. subangu tar to subrounded

trace silt. vertical walls

densecaving slightly

very

12- dense

TOTAL DEPTH 14.0' (4.3m)

20-

TRENCH DETAILS ______________________

SURFACE ELEVATION 875' (267m)

DATE EXCAVATED 21 February 1979 LOG OF TRENCH LP-T-2
SURFICIAL GEOLOGIC UNIT.* A50 VERIFICATION SITE, LA POSA COP, ARIZONA
TRENCH LENGTH 15' (4 6w)
TRENCH ORIENTATION :N-S MI SITING INVESTIGATION rea

DEPARTMENT OF THE AIR FORCE - SAMSO 7- 2

ON WATEOALIS
t0 AIUG 79 AFV-04
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!3DEPTH
116m SIEVE

-SOIL DESCRIPTION REMARKS ANLYIS

* ___$11 SIFl LLIP

-i-0
GRAVELLY SAND. l ight brown, fine to
coarse, poorly graded, dry, subangrilar, 1
calcareous; some tine to coarse 3 41

2- subrounded gravel, lit tle silIt;
S111 stage Mf caliche (1 0 -4 0)

4-

m2: ediumw
dense SAND. gray-white, tine. poorly

* . SP- t 0 graded, dry. subrounded to rounded, walsrtale

SM dense trace silt. wlssal

*0 . SANDY GRAVEL, brown, fine, poorly
.. graded, dry, subrounded, calcareous:

som ..,e.dsnd lyr fsit
*** sand (11.0'-12.0*).

0,0 0e GP

10

12- dense

4 14-TOTAL DEPTH 12.0' (3.7m)

Is

20-

TRENCH DETAILS__________________
'a SURFACE ELEVATION e 40' (255m)

DATE EXCAVATED 22 February 1979 LOG OF TRENCH LP-T-3
SUEFICIAL GEOLOGIC UNIT, A2 VERIFICATION SITE, LA POSA COP, ARIZONA
TRENCH LENGTH :12' (3.7m)1
TRENCH ORIENTATION NW-SE 01 SITING INVESTIGATION vsa

DEPARTMENT Of THE AIR FORCE - 54USD 7-3

NAT IWNE
10 AVG 19 AFV-04
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ILfi S IEVE

'4 , .. , SOIL DESCRIPTION REMARKS ANALYSIS
W" _. G S A F I L L P I

a 0 o,, 00 0
" 00 o SANDY GRAVEL. light brown, fine to

go- coarse, poorly graded, dry, sub-
G.,*,o' GC angular to subrounded, calcareous; vet ical 36 35 29 24 5

su. fine to coarse sand; trace to walls stable
2- 00 some slightly plastic silt. occasional

o medium cobbles to 8" size (0.0' -5.0");
° -dense stage celiche (7.0'-B.O'),

4 vertical malls

2 vertical

walls stable

2 dense ocaving s lig~htly

TOTAL DEPTH 8.0' (2.4m) cementat ion
at 8.0'

exceeded
capacity of

3 10o Case 580C

'. = •.,° oo als tab

4 

2

14-

Is-

TRENCH DETAILS ______________________

SURFACE ELEVATION 7659' (233m)
SAlf EXCAVATED :24 February 1979 LOG OF TRENCH LP-T-4
SVIFICIAL GEOLOGIC UNIT: Ai VERIFICATION SITE, LA POSA COP, ARIZONA
TRENCH LENGTH :14' (4.3m)

TRENCH ORIENTATION NE-SW MX SITING INVESTIGATION Fes

DEPARTMENT OF THE AIR FORCE - SAWSO 1 1-4

______ ______ ______ ______ - E D NATUSM AIL I**
10 AUG 79 Aae-S

I A_ a
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IITN S I siEVE

a SOIL DESCRIPTION REMARKS ANALYSIS

v. U ON SA FI LL PI

SANDY GRAVEL, brown, fins to coarse.

0 poorly graded. slightly moist to dry. 52 38 10
,* subangular, calcareous; some fine to

, :coarse send; trace silt; occasional
, cobbles to 6" size; stage I caliche

.00 0 (2.5'-7.0'). vertical

00 o 4 medium walls stable

6 Gi- dense- i b 'e^ q,,- 
p GiM t o

4 0., P., dense

TOTAL DEPTH 7.0' (2.1m) cementation
at 7.0'
S-exceeded

capacity of

Case 580C

backhoe

12-

-4

14-

" 16"

18-

20-

TRENCH DETAILS
SURFACE ELEVATtON 1160' (354m)

DATE EXCAVATED : 26 February 1979 LOG OF TRENCH LP-T-5

SURFICIAL SEOLSUIC UNIT: Al/ASy VERIFICATION SITE, LA POSA COP. ARIZONA
TRENCH LENITH :12' (3.7m) I I

TRENCH ORIENTATION : NW-SE MX SITING INVESTIGATION iersa

DEPARTMENT OF THE AIR FORCE - SAMSO 7-5
LjjjD NRTBGNAIL INS-

10 AUG 79 AFV-04



S DEPTHSEE

T n SOIL DESCRIPTION REMARKS ANALYSIS

IF __ J_______ R SA Fl LLIPI

UU SAND. yellow browrn. Ilins to medium,
loose poorly graded, slightly moist.

. . :b:ndulr to subroended. calcareous;

trace silt.

SSP- medium
SM dense

3

it 182 7
4

-TOTAL DEPTH 5.0- (1.5m)

SURFACE ELEVATION: 755' (230m)
SURFICIAL GEOLOGIC UNIT. A3s LOG OF TEST PIT LP-P-1

- 0 0 - -
SAND. yellow brown, fine, poorly

2: loose graded, slightly moist~subrounded.

0198 2

2

SP medium
dense

3-

4-

SURFACE ELEVATION: 825' T21m OG TADET PIT 1.Dm-. -SURF ICIAL GEOLOGIC UNIT: A3d LGO ETPTL--

LOGS OF TEST PITS LP-P-1 AND LP-P-2
VERIFICATION SITE, LA POSA COP, ARIZONA

MX SITING INVESTIGATION FIGURE

DEPARTMENT Of THE AIR FOPCf SAUSO 1 7-6

10 A$ 79AFV-03



IFN-TI-25-I I

SDEPTHSEV

U SOIL DESCRIPTION REMARKS ANALYSIS
, •-- - GnSA0

as CR SA I'l LIPI
0 SANDY GRAVEL. light brown, fine to "

** * 0 coarse, poorly graded, moist.

0. d angular, calcareouis; some line to
* 0 coarse angular sand.

*9 9l

*l 9e * 0 i

2

0 GP medium

.0 .! dense

dense
3-

-00 . 0

, 0 .

00- TOTAL DEPTH 50' (1.5)

SURFACE ELEVATION: 840' (256m)SURFICIAL GEOLOGIC UNIT. A1 LOG OF TEST PIT LP-P-3

0 0 SANDOY GRAVEL, light brown, fine,
poorly graded, slightly mcist,
angular to subangular, calcareous;

medium some fine to coarse angular sand;
trace silt; stage 11 caliche

,00 0 dense (

o • GP-

3 - dense

.TDTAL DEPTH 5.0' (1.5)

-. ~ ~~ ~~~ URAEEEAIN600'(4m

: $URFICIAL GEDLOGIC UNIT: ASo LOG OF TEST PiT LP-P-4

LOGS OF TEST PITS LP-P-3 AND LP-P-4
VERiFICATiON SITE, LA POSA COP, ARIZONA

St SAITING INVESTIGATION J 80(

DEPAR TENT OF TH( AI FOPC SAMSO 1 7-7

____ ___ ___ ___ ___ ___ ___ - M NN ATION AL, 10d

to AUG 79 AFV-03

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-



FN-TI-?8-I

EP 
SIEVE

2 vs SOIL DESCRIPTION REMARKS ANALYSIS

SGR ISA F I LL PI

SILTY SAND, light brown, fine.

loose poorly graded. moist. subrounded,
calcareous; some silt; Stege II
caliche (40 - 8 0').

2

medium
dense

3-

4 SM

2 dense

7.

TOTAL DEPTH 8.0- (2.4m)

9 ,

1 0

SSURFACE ELEVATION: 880' (28.)
SU-FICIAL GEOLOGIC UNIT: A3s LOG OF TEST PIT LP-P-5

LOG OF TEST PIT LP-P-5
VERIFICATION SITE, LA POSA COP, ARIZONA

MX SITING INVESTIGATION Fcl

DEPARTMENT OF THE AIR FORCE SAMSO 1 7-8

=nUE WNATI0NAL In=.
10 AUG 79 AFV-05

It~ -a



FN-TI-28-I

SDEPTH S S IEVEa..

m Y, - SOIL DESCRIPTION REMARKS ANALYSIS

-~- -Ro SA Fl LL PI

SILTY SAND. yellow brown, fine. -

poorly graded. moist. subrounded
calcareous; little silt. stage El
caliche (3.0'- 4 0'); stage M caliche

S loose (4 0-5.0').

to
medium
dense

2

SM

3-

4- dense

5 " _ 7 - TOTAL DEPTH 5.0' (1.5m)

sURFACE EL9EVATIO. 905' (276m) I__

SURFICIAL GEOLOGIC UNIT: A3s LOG OF TEST PIT LP-P-6

0 0 SILTY SAND, yellow brown, fine. poorly

loose Graded. moist. subrounded.calcaroous;
little silt; stage TH caliche~(4.0'-5.0).

0 83 17

-L 2'

medium
so dense.11

-1 
3

4-

I : dense

- - TOTAL DEPTH 5.0' (1.50)

SURFACE ELEVATION: 000' (274m)
SURFFICIAL GEOLOGIC UNIT: A3s LOG OF TEST PIT LP-P-7

LOGS OF TEST PITS LP-P-6 AND LP-P-7
VERIFICATION SITE, LA POSA COP, ARIZONA

MX SITING INVESTIGATION lisaoi

DEPARTMENT OF THE AIR FORCE SAMSO 7 -9

-0 NATIOA L, INC.
10 AUG 79 AFV-03

- °. a



FN-TI-2- I

.7z EPHSIEVE

SOIL DESCRIPTION REMARKS ANALYSIS

C- GR I SA FI LO PI

0 .. .. SILTY SAND, light brown, fine to -T-7
coarse. poorly graded, slightly moist.
subangular, calcareous; some silt:

* .. .trace fine angular to subangular
gravel; stage 331 coliche(4.'-5.0').

medium
dense

2-

SM

4 dense

5. •- -

TOTAL DEPTH 5.0' (1.5m)

SURFACE ELEVATION. 845 (258.)
SUR.FICIAL GEOLOGIC UNIT: At Ws LOG OF TEST PIT LP-P-8

0 0 SILTY SAND. light brown, fine to

* I . .coarse, poorly graded, dry, sub-
angular to subrounded, calcareous;
some silt. little fine subrounded

medium gravel; stage 131 caliche (1.0'-2493

• • dense 2 93

1 dense 3.0').

2 ..

d SANDY GRAVEL, light brown, tine to
Sdense coarse, poorly graded, dry sub-

* ** * *.rounded to rounded. calcareous;
O .. some fine to coarse subrounded sand;

.'. P- trace silt.
" eo 0 Go

0 .1 -. . d 0

* .•
"ogl - 2"

1 iTOTAL DEPTH 5.0- (1.5m)

HI

SURFACE ELEVATION: 85* (251m) LGO ETPTL--SURF ICIAL GEOLOGIC UNIT: A2 LGO ETPTL--

LOGS OF TEST PITS LP-P-8 AND LP-P-9
VERIFICATION SITE, LA POSA COP, ARIZONA

MY SITING INVESTIGATION 1411111

IIEPAPIMENT OF THE AIP FORCt SAMSO 1 7-10

SUACE EANATINL, IN.
10 AUG 79 A FV-03



itFN- TR- 2 -1

SDEPTH

g SOIL DESCRIPTION REMARKS ANALYSIS
W

SILTY SAND, light brown. fine to
medium, poorly graded, slightly
moist. subanoular. calcareous; some
silt; trace fine subrounded gravel

- mdii (2. 0'-5.0): stage TH caliche
ene (2-0-5.0').

2-

SM

3-

T 5.

-'O-..: AN.tghirin ie o7 7
dense

4i

0 SI00Y SAND , lgEL brown, ine ol
0000000ogrde, slighly groist, sligtly

0 sua 0".0 G to subrounded 

oooOO scalars sm nd: ltle silt;
meimstage 11 caliche (2.0'-.0'). _______

2 - - -

_________ ~TOTALDEPTH_ 5.0'_(1.5w) _______

SURFACE ELEVATION:G955' (281m)
SURFICIAL GEOLOGIC UNIT.s As LOG OF TEST PiT LP-P-O

OG OAF TST PrITS ine. poorlyANI
mERItCAuba SITl AtA subCOPuRZ

Ml SIN 0tTIrouAeI lNa t silte

med I I caliche (4.0'-4.0")

TTA DET 5e.se (1.526 18)

SUIICA GELOI UNT 05 . O FTS I PP

oEPAoTVENT OF THE AIR FORCE SASO 7-11

..... NATION L MO

10 AUG 79 AFV-03

J oo



FN-TR-23- I

_j DEPTH
IEVE

Cc SOIL DESCRIPTION REMARKS ANALYSIS

= - -• "

a GO SA el uL Pi

SSILTY SAND. light hrown. fine to
coarse, poorly grcaded, slightly
moist, angular to subroundri. cal-
careous; somre silt

1 2-

SM mediuem

3-

4
5 . .. _ _

5L _I _ III TOTAL DEPTH 5.0' (1.5m)

SURFACE ELEVATION: 1055' (322m)
SURFICIAL GEOLOGIC UNIT: A5I/A3s LOG OF TEST PIT LP-P-12

" 0 SILTY SAND. light brown, fine to

coarse, poorly graded, slightly
moist, angular to subangular, cal-

" careous: some silt; trace fine

- " medium gravel.
dense

S111

- 2,

-*

-I dense SANDY GRAVEL, brown, fine to coarse,'*o 9 % I dense poorly graded. dry, angular to sub-
angular, calcareous; some fins to

GP- coarse angular sand; trace silt;stage

4- * . Gc f[ caliche (3.0'-5.0').

5 .. TOTAL DEPTH 5.0' (1.50)

SURFACE ELEVATION: 1100' ( 335m)
SURFICIAL BEOLOGIC UNIT: ASi LOG OF TEST PIT LP-P-13

LOGS OF TEST PITS LP-P-12 AND LP-P-13
VERIFICATION SITE, LA POSA COP, ARIZONA

MX SITING INVESTIGATION ,r1s11

DEPARTMENT OF THE AIR FORCE SAMSO 7-12

ONE NATIOA INC.
10 AUG 79 AFV-03



FN- TO-28-l1

a. m I SE7VE

(A(A 14SOIL DESCRIPTION REMARKS ANALYSIS

CD GE SA F'l LL P1
0 GRAVELLY SAND, gray. fine to coarse.

poorly graded, slightly moist, Sub-
* .angular . calcareous; some IIns to coarse

subangular to subrounded gravel.
1 4653!1

* medium
dense

2

1 dense

6

2

7-

a TOTAL DEPTH 8.0' (2.4m)

9

SURFACE ELEVATION: 725' (221m)
-SURFICiAL GEOLOGIC UNIT: Al LOG OF TEST PIT LP-P-14

VERIFICATION SITE. LA POSA COP, ARIZONA

ii Age 7G AFV-05

I 'L



FN- T11-28- I

SDEPTH
asC

- w -SOIL DSRPINREMARKS ANALYSIS

- f 0~ ~TT SANDY CLAY to SANDY SILT, brown, dry.
slightly plastic. calcareous. some
tine to medium sand; stage Icaliche

stilt 1I.5 '-5. 0)

1/, 42/7/1/

/72 /'/

///////CL-

1: ~ ~ IL ~ TOTAL DEPTH 5.0' (1.5m) _ _____

SU~RFACE ELEVATION: 720' (219m)
SURIFICIAL GEOLOGIC UNIT: A51 LOG OF TEST PIT LP-P-15

0 a GRAVELLY SAND. brown, fine to coarse,

SP- medium poorly graded, dry, subangular. cal-
SM dense careous; some fine subrounded gravel;

trace silt.

* C. SANDY GRAVEL, brown, line to coarse,
* @00 *Poorly graded, dry. subrounded to
wee subangular, calcareous. som lin@ to

~coarse subangular sand; trace silt.
o e

2~ G0-

0 0e 0.

0 C0

0 . eve,

_________ ______ TOTAL DEPTH 5.0' (1.5m) _______

SURACEASILOGOF ESTPITLP--16 LOUS OF TEST PITS LP-P-15 AND LP-P-16

VERIFICATION SITE, LA POSA GOP, ARIZONA

MISITING INVESTIGATION F Isees

DEPARTMENT Of THE AIR FORCE SAUSO 7-14.

10 AUG 79 
P 92IA ON

AF-0



FN-TR-28-I

_ DEPTH SE
SOIL DESCRIPTION REMARKS ANALYSIS

" .-J _ORSA FI LL P1

- SILTY SAND. light brown, fine to --

coarse, poorly graded. dry. sub-
ansular, calcareous; some silt:

SM medium little fine subengular to sub-
. dense rounded gravel

2 . . * SANDY GRAVEL. light brown, fine to
,*0 * 01 coarse, poorly graded, dry, sub-

0. o 
o  

0 angular to subrounded, co'careous;

. • 0 some fine to coarse, subangular to
subrounded sand; occasional cobblesto 6" size; Stage Ill caliche (I 7*-

3 : *",,, GP- dense
0* *
•  GM to very

0 0. • dense

0

000"..•Z

4 00. .*°O

o ..- *.

TOTAL DEPTH 5.0' (I.5m)

SURFACE ELEVATION: 830' (253m)
SURFICIAL GEOLOGIC UNIT: ASi LOG OF TEST PIT LP-P-17

0 -" " - ed GRAVELLY SAND. brown, fine to coarse.
So medium poorly graded, slightly moist, sub-

dense angular, calcareous; some fine sub-
- ' -, rounded gravel; little silt.

S 0 *po SANDY GRAVEL, light brown, fine
.0.0 C.@ to coarse, poorly graded, dry,
*. . subrounded, calcareous; some
0 o cop. fine to coarse subrounded sand;
o o ° * o• trace silt; occasional cobbles0.o• 0 to 8" size, stage II caliche

2 * dense (

. 0 •*• • to very
,:.-.. dense

I " ; * GP-

oa do GM

.0

.00 0.0

. 0.00

0 * **99ee,

I r TOTAL DEPTH 5.0 (1.54) 1___

SURFACE ELEVAT ION : 880' (22)
SURFICIAL GEOLOGIC UNIT: Al LOG OF TEST PIT LP-P-18

LOGS OF TEST PITS LP-P-17 AND LP-P-18
VERIFICATION SITE, LA POSA COP, ARIZONA

MI SITING INVESTIGATION Iee•

DEPARTMENT OF THE AIR FORCE SAMSO1 7-15
-- NONATIONAL, INC.

10 Ago 79 AFV-03

. . . . ..... , . ' '.



* FN-T-20-l 2
i DEPTH SZ 

S IE V E

- w -_ SOIL DESCRIPTION REMARKS ANALYSIS

- Li GA SA FI LL P1

SANDY GRAVEL. brown, fine to coarse.
medium poorly graded. slightly moist, sub-
dense angular. calcareous; some fine to

coarse, subangular send; some 43 33 24 30'11
slightly plastic clay; occasional
cobbles to 10" size: stage 11

GC caliche (1.0'-30').

2

0

3- , dense
3 dn , .SANDY GRAVEL. light brown, fine to

oe. * wcoarse, poorly graded, dry, sub-
. ** angular, calcareous; some fine to
0 .0 o coarse subangular sand; trace silt-

4 0oo* GP* occasional cobbles to 10" size;

4- *o , o *o GN stage TT (3.0-5.0')00
" 

OC.

5*

________ ______ TOTAL DEPTH 5.0' (1.5m) ______

SURFACE ELEVATION:990' (302m) LO T ESTDPT -P-. 9
SURFICIAL GEOLOGIC UNIT:A5i LOG OF TEST PIT LP-P-19

0 0 / SANDY CLAY, light brown, dry.
Sslightly plastic. calcareous. some
fine to coarse angular sand; little
fine angular gravel; stage TrT
caliche (0.5'-3 5').

CL hard

I/ / // ///

- TOTAL DEPTH 5.0' (1.5w)
SURFACE ELEYATION:ff4l' (349m~) LO OFTS PILP-2
SURFICIAL GEOLOGIC UNIT: ASOIF ETPT PP2

LOGS OF TEST PITS LP-P-19 AND LP-P-20
VERIFICATION SITE, LA POSA COP, ARIZONA

2" SITING INVESTIGATION Flevet

DEPARTMENT Of THE AIR FORCE SAMSO 17-16

NATIONAL.
10 AVGS 70 P A AFV-03

/////1i



FN-TI-20- I

5 DEPTH , SIEVE

5= SOIL DESCRIPTION REMARKS ANALYSIS

°I R SA FI L P,

a .GRAVELLY SAND. brown, fine to coarse.
poorly graded. slightly moist, sub-
anular. calcareoo.s; some Wine to

coarse subaligular gravel,
t .41 

57 2

2-
vsrtical
walls

SP dense cavinI
slightly

3-

I • r:. :,!":..:'

TOTAL DEPTH 5.0' (I.5m)

SURFACE 930' (283m)
SURFICIAL GEOLOGIC UNIT: ASy/A1 LOG OF TEST PIT LP-P-21

0 0 ; *; . *- SANDY GNAVEL, ligh~t brown, fine to
00*" coarse, poorly graded, dry, sub-
,O * angular. calcareous; some fine to

coarse angular to subangular sand;
1 "e* •

trace silt; stage I calicha
0 (2 5'-5.0'); occasional cobbles

medium to 5" size.

0 00 • , dense

2

0

:3 -

4- - es
O 0.0 *p

I O e •e°

TOTA DET 5.0 0*5

SURFAC ELVTO : 103 (0m

4- e. .•o• dense

MXe SITIN INETG71NFe

5 TOTAL DEPTH 5.0' (I.5m)

. ,SUR,,C ELEVA,,OW:,O03' (3pom)
-. SUIRFICIAL GEOLOGIC UNIT:AS LOG OF TEST PIT LP-P-22

LOGS OF TEST PITS LP-P-21 AND LP-P-22
VERIFICATION SITE, LA POSA COP, ARIZONA

MX SITING INVESTIGATION IrOI

DEPARTMENT OF THE AIR FORCE SAMSO 7-17
E M'-O NATIONAL, eN.

tt



FN-TI-21-1

SDEPTH

SOIL DESCRIPTION RENARKS ANALYSIS

*SANDY GRAVEL, light brown, fins to
a * . coarse, Poorly graded, dry. angular

*..-to subangula ,, calcareous; little
* fine to coarse angular sand;trace silt;

S 9 occasional cobbles to 8' size; stal%0 . , TTM caliche (0 5"-5.0').

GP dense"O

3-

4

TO T;AL DEP TH 5 . 0O ' ( 1 .5m ) A _ _
SURFACE ELEVATION: 1240' (378m)
SURFICIAL GEOLOGIC UNIT: Atli LOG OF TEST PIT LP-P-23

0 0 " " •GRAVELLY SAND. light brown, fine
"r'r". i..to coarse, poorly graded, slightly

"- moist, subangular, calcareous;
• " .. some fine to coarse angular gravel;

I- . . tome silt; stole "11 caliche (0.5°-3.5").
I ."_ )33 42 25

l" .. . SM dense

.* 0

" G ' " 'TOTAL. DEPTH 5.0' (1.5ri)

•SURFACE ELEVATION: 1035' (315m)
SURFICIAL GEOLOGIC UNIT: A5i LOG OF TEST PIT LP-P-24

LOGS OF TEST PITS LP-P-23 AND LP-P-24
VERIFICATION SITE. LA POSA CUP, ARIZONA

* a

MX( SITING INVESTIGATION f/ Q itu

DEPARTMENT OF THE AIR FORCE SAMSO 1 7-18

eN

.. al
5,~Ri W MATO*aL 0 1_________

to coase porl graedVsigtl
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FN- T11-28- I

Id DEPTH SIEV

,- ' " - SOIL DESCRtI PTION REMARKS ANALYSIS

SANDY SILT, light brown, slightly

stiff moist. slightly plastic, calcareous;-I
- soe fine to coarse angular sand;

trace fine angular gravel; occasional

1 cobbles to 4" size (1.5*-5-0'); stage

I caliche (,.O'-5.O').

2-

ve ry
a I I

3-

5
TOTAL DEPTH 5.0' (1.5m)

SURFICIAL GEOLOGIC UNIT:ASi LOG OF TEST PIT LP-P-25

0 a GRAVELLY SAND, light brown, fine to
coarse, poorly graded, slightly
moist, angular. calcareous; some
fine to coarse angular gravel;

S "medium some silt (0 -3.0'); little silt
dense (3.0"-5.0'). stage I caliche (3.0'-

• 5.0').

*1 I
2

S SIR

3

dense

4-

V IT-E LP

5TOTAL DEPTH 5.0' (1.bim) ______

SURFACE ELEVATIlON: 1025' (312)

-SURF ICIAL OEOLOOIC UNIT: AyLOG OF TEST PIT LP-.P-.26

. LOGS OF TEST PITS LP-P-25 AND LP-P-26
] VERIFICATION SITE, LA POSA COP, ARIZONA

II SITING INVESTIGATION FIGe

DEPARTMENT OF THE AIR FORCE SAMSO 7-19

1 OR AU"O79 AFV-03



DEPTH SIEVE

(A j ( SOIL DESCRIPTION RENARKS ANALYSIS
" -", GRSA FI LL P1

- O *.'e, * SANDY GRAVEL, light brown, fine to

• ,coarse, poorly graded, dry, sub-
p o oooanglar. calcareous: same fine to
eoe .° • coarse, angular sand; trace silt;

occasional cobbles to 4" size;
0. stage I coliche (10'-4.0").

- -.0 *Stale63 27 Ia

Qe 4P Q

,,,o• @o GM

e.G 0..0•

3 - dense3J
-I .. .,..o

0o f* eO -°

.0 0o0

-o -o

0 ' 4

1TOTAL DEPTH 5.01 (1. 5m)
SURFACE ELEVATION: 1120" (341m)
SUOFICIAL GEOLOGIC UNIT: A~e LOG OF TEST PIT LP-P-27

..o o n -. D S L TY GR A VE L .l igh t b r o n , f in e to

.a*ooD~ edu cosec poorly grfaded, slightly

2 % 0 dense moist. angular calcareous; one0O0 00 °f sb- 46 25 29 30 3

0 0 0Oooongular st nd; stageeTI cliche

I o 0

ao0 +

- ,_,__,_ - T pTH ve' (yd s
0.- TN N T I dns@

10~~~ AU66AVD

4O-4

ITO+o DET 5.0' 1.5m
SURFACE '+ ELVTO:0,° 323m
SUFIIL ELOI UI:A1 O O ES ITL-P2

LOG OFTSTPTSL-P2 ADLPP2
VEIIAINSTL OACP RZN

TOTE OEPTH NATINAL (I.5

10 SUGFC 7 LVTIN A06V-033m



SECTION 8.0

SURFICIAL SAMPLE LOGS



FN-TR-28-I
8-1

EXPLANATIONS OF SURFICIAL SAMPLE LOGS

Finalized logs of the surficial samples are presented in this

section. The explanations provided here are to serve as general

guidelines to reading the logs.

A. Designations - Surficial samples are identified as follows:

LA-CS-i

LA - abbreviation for the site (e.g., LA - La Posa)
CS - abbreviation for surficial sample
1 - number of activity

B. Ground Surface Elevation - Indicated elevations on the logs

are estimated from topographic maps of the study area within

an accuracy of half the contour interval.

C. Surficial Geologic Unit - Indicates the surficial geologic

unit in which the activity is located.

D. Depth - Indicates depth interval for which soil description

is given.

E. USCS - Unified Soil Classification Symbol; see Table 6-1 of

Section 6.0, "Boring Logs", for details of USCS.

F. Soil Description - Soil is described based on field visual

descriptions and/or laboratory test results. See Sec-

tion 6.0, "Boring Logs", for procedures of soil description.

G. Sieve Analysis, LL and PI - These are from results of labor-

atory tests. See Section 6.0, "Boring Logs", for explana-

tion.

i -- O NATIONAL, INC.
&_.

i . . .. .. . I , [ ' - --



FN-TR-2S-1

AI UN SURFICIAL DEPTH., SIEVEACTIVITY SURFACE

ELEVATION. GEOLOGIC FEET USCS SOIL DESCRIPTION ANALYSIS
NUMUERFFEENUMBDER FEET UNIT (METERS)

(METERS) GR SA F1 LL PI

LP-CS-l 765 A3d 0 0-2 0 SM SILTY SAND, yellow brown, fine to 0 86 14
(239) (0 0 0 61) medium. poorly graded. loose, slightly

moist. subangular to subrounded; cal-
careous; little silt

LP-CS-3 800 A3s 0 0-2 0 SP-SM SAND, light yellow brown, fine to

(244) (0.0-0.61) medium. poorly graded, loose.
slightly moist, subangular to sub-
rounded, calcareous; trace silt

LP-CS-6 865 A3s 0.0-2.0 SM SILTY SAND, light yellow brown, fine
(264) (0.0-0.61) to medium, poorly graded, loose,

slightly moist, subangular to sub-
rounded, calcareous; little silt

LP-CS-8 855 A5i 0.0-2.0 SM SILTY SAND. light brown, fine to
(261) (0.0-0.61) coarse, poorly graded. medium dense,

slightly moist, angular. calcareous;
some silt; trace fine angular gravel

LP-CS-10 770 A3s 0.0-2.0 SM SILTY SAND, light brown, fine to
(235) (0.0-0.61) medium, poorly graded, loose,

slightly moist, subangular to sub-
rounded, calcareous; little silt;
trace fine angular gravel

LP-CS-12 820 A5i 0.0-2 0 GM SANDY GRAVEL, light yellow brown, fine,
(250) (0 0-0 61) poorly graded, dense, slightly moist.

angular to subangular, calcareous;
some fine to coarse angular to sub-
angular sand; little silt; stage llI
coliche (1.5'-2.0')

LP-CS-14 875 A5i A3s 0 0-2.0 SC-SM CLAYEY SAND to SILTY SAND, light brown, 14 L 31 19 4

(267) (0 0-0 61) fine to coarse, poorly graded, medium
dense, sllgtly moist, subangular,
cacareouos; some slightly plastir
silty clay to clayey silt; little fine
subangular gravel; stage II caliche
(1.5'-2.0').

LP-CS-1 820 Al A3s 0.0-2.0 SM SILTY SAND, lighJt brown, fine, poorly
(250) (0.0-0.61) graded, loose, slightly moist,

subangular to subrounded. calcareous:
some silt.

LP-CS-19 840 Al A3s 0.0-2 0 SM SILTY SAND, light brown, fine.
(256) (0.0-0.61) poorly graded, medium dense,

slightly moist. subanguler. cal-
careous; some silt.

LOGS OF SURFICIAL SOIL SAMPLES
VERIFICATION SITE, LA POSA COP, ARIZONA

MX SITING INVESTIGATION
THE AIR FORCE - SAMSO

DEPARTMENT OF " 4

NATIONA L. INC]
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GR OUND SUFII&L B TSIEV

ACTIVITY SURFACE SURFICIAL DEPTH. SIEVE

ELEVATION GEOLOGIC USCS SOIL DESCRIPTION ANALYSIS

NUMBER FEET UNIT (METERS)
(METERS) UNIT___ETERS) GR SAIFI LLI P1

LP CS 21 870 A3s 0 0 2 0 SM SILTY SAND. brown, fine to medium 6 75 19

(265) (0 0 0 61) poorly graded, medium dense, slightly
moist, subangular, calcareous; little

silt; trace fine subangular gravel.

LP-CS-22 895 A3s 0 0-2.0 SM SILTY SAND, light yellow brown,

(273) (0.0-0.61) fine, poorly graded, loose, moist.
subangular to subrounded, cal-
careous; some silt

LP-CS-24 910 A3s 0.0-2.0 SM SILTY SAND. light yellow brown, fine,

(277) (0.0-0.61) poorly graded. loose, moist, subangular
to subrounded, calcareous; some silt.

LP-CS-26 910 ASi A3s 0 0-2 0 SM SILTY SAND, light brown, fine to

(277) (0 0-0.61) medium, poorly graded, medium

dense, slightly moist, subangular.
calcareous; little silt; trace
fine subangular gravel.

LP-CS-28 975 ASi/A3s 0.0-2.0 SM SILTY SAND. light brown, fine to

(297) (0.0-0.61) medium, poorly graded, medium dense.
slightly moist. subangular, cal-

careous; some silt

LP-CS-29 1010 A5i/A3s 0.0-2.0 SP- SM SAND, light brown, fine to medium, 3 89 9

(308) (0.0-0.61) poorly graded, medium dense, slightly
moist. subangular. calcareous; trace
silt

LP-CS-32 1150 A5i 0.0-2.0 GP-GM SANDY GRAVEL, light brown, fine to 52, 42 6

(360) (0.0-0.61) coarse, poorly graded, medium dense,
dry, angular, calcareous; some fine

to coarse angular sand; trace silt;
occasional cobbles to 5" size.

LP-CS-35 885 A5i 0.0-2.0 GM SANDY GRAVEL, light brown, fine, poorly

(270) (0.0-0.61) graded, medium dense to dense, dry,
subrounded, calcareous; some fine to
coarse subangular sand; trace to little

silt; stage 31 caliche (0 5'-2 0').

, LP-CS-36 945 A5i 0 0 2 0 GM SANDY GRAVEL light brown, fine,
(288) (0 0 0 61) poorly graded medium dense to

dense, dry, subangular, calcareous.
some fine to coarse subangular sand;
trace to little silt.

LOGS OF SURFICIAL SOIL SAMPLES

VERIFICATION SITE, LA POSA COP, ARIZONA

MX SITING INVESTIGATION

DEPARTMENT OF THE AIR FORCE - SAMSO 8-I1
1 2 OF
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OR DRUNGD UFI AL D TH SI EVE
ACTIVITY SURFACE SUFCA DET.NLYI

ELEVATION GEOLOGIC FEET USCS SOIL DESCRIPTION ANALYSIS
NUMBER FEET

(METERS UNIT (METERS) R SA Ft LL PI

LP-CS-38 1040 ASi 0 0-2.0 CL SANDY CLAY, brown, still, dry, slightly 15 30 55 33 11
(317) (0.0-0.61) plastic. calcareous. some fine to coarse

subangular sand; little fine subangular
gravel: occasional cobbles to 5" size,
stage In caliche (0.1'-2.0').

LP-CS-39 1090 A5i 0.0-2.0 ML SANDY SILT light brown, stiff,dry,
(332) (0.0-0.61) nonplastic, calcareous; some fine to

coarse subangular sand; some fine to
coarse subangular gravel; stage II
caliche (1.0'-2.0').

LP-CS-44 660 A5i 0.0-2.0 ML SAHDY SILT. brown, firm , dry,
(207) (0.0-0.61) slightly plastic. calcareous; some

fine to coarse subangular sand;

stage I caliche (0.5'-2.0').

LP-CS-45 660 A5i 0.0-2.0 ML SANDY SILT, brown, firm , slightly
(201) (0.0-0.61) moist, slightly plastic, calcareous;

some fine to coarse subangular sand;
trace fine subangular gravel; stage I
caliche (1.75'-2.0').

LP-CS-47 810 A5i 0.0-2.0 SM GRAVELLY SAND, light brown, fine to 32 37 31 33 9

(247) (0.0-0 61) coarse. poorly graded, dense, dry,
subangular, calcareous; some fine to
coarse angular to subangular gravel;
some slightly plastic silt; stage id
caliche (0.5'-2.0').

LP-CS-49 965 A5i,AI 0 0-2.0 GP- SANDY GRAVEL, brown, fine to coarse,

(294) (0 0-0.61) GM poorly graded, dense, slightly moist,
subangular, calcareous; some fine to
coarse subangular safd; trace silt.

L'-CS-51 1040 ASi 0 0-2.0 sM GRAVELLY SAND, brown, fine to coarse,
(317) (0.0-0.61) poorly graded, medium dense, dry,

subangular; calcareous; some fine to
coarse subangular to subrounded
gravel; little silt.

LP-CS-55 1340 A5i 0.0-2.0 GM SANDY GRAVEL, light brown, fine to

(408) (0.0-0.61) coarse, poorly graded, dense, dry,
angular to 3ubangular, calcareous;
some fine to coarse angular
sand; little silt, occasional
cobbles to 5" size; stage ]fl
caliche (0.25'-2.0').

LOGS OF SURFICIAL SOIL SAMPLES
VERIFICATION SITE, LA POSA COP, ARIZONA

MX SITING INVESTIGATION 
I F11111

DEPARTMENT OF THE AIR FORCE - SASO 8 r 1
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'0 AUG 79

4 FV1



FN- TR- 28- 1

GROUNDAI UNC SURFICIAL DEPTH. SIEVEACT IV ITY SURFACESIV

ELEVATION GEOLOGIC FEET USCS SOIL DESCRIPTION ANALYSIS
NUMBIER FEET

FET UNIT (METERS) R A(METERS)GRISA[Fl LL PI

LP CS 57 1090 A51 0.0 I 0 ON SANDY GRAVEL. light brown, fine to 36134 30
(332) (0 0 0 30) coarse, poorly graded, medium

dense, slightly moist, subanguler.
calcareous; some fine to coarse
angular sand; trace to some silt

1.0-2.0 GP-GM
(0.30-0.61)

LP-CS-59 1030 Ai 0.0-1.0 SM SILTY SAND, light brown, fine to
(314) (0.0-0.30) coarse, poorly graded, medium dense.

dry, subangular, calcareous; some
silt; some fine subrounded gravel.

1.0-2.0 GP-GM SANDY GRAVEL, white brown, fine,
(0 30-0.61) poorly graded, dense, dry, sub-

angular, calcareous; some fine to
coarse subangular sand; trace
silt; stage II caliche (1.0'-2.0).

LP-CS-60 1000 Abi 0 0-2.0 SM SILTY SAND, light brown, fine to coarse,
(305) (0.0-0 61) poorly graded, medium dense, slightly

moist, subangular. calcareous; some
silt; trace fine angular gravel.

LP-CS-62 1060 A5i 0.0-1.5 SM SILTY SAND, light brown, fine to 15 53 32
(323) (0.0-0.46) coarse, poorly graded, medium dense,

slightly moist, angular, calcareous;
some silt; little fine to coarse
angular gravel; stage ]a caliche
1.0-1.5

LP-CS-G4 1165 A5i 0.0-2.0 GM SANDY GRAVEL. white brown, fine to
(355) (0.0-0.61) coarse, poorly graded, dense, dry.

angular, calcareous; some fine to
coarse angular sand; little silt;
occasional cobbles to 5" size;
stage III caliche (0.25'-2.0').

LP-CS-65 1120 A5i 0.0-2.0 SP- GRAVELLY SAND. light brown, fine

(341) (0.0-0.61) SM to coarse, poorly graded, dense,
dry, angular, calcareous. some
fine to coarse angular gravel;
trace silt; stage I caliche (0.25'-
2.0').

LP CS 68 1160 A5y 0.0-2.0 GP- SANDY GRAVEL, brown, fine to coarse.
(354) (0.0-0.61) GM poorly graded, medium dense, dry,

subangular. calcareous; some fine
to coarse subangular sand; trace silt.

LOGS OF SURFICIAL SOIL SAMPLES
VERIFICATION SITE, LA POSA COP, ARIZONA

MY SITING INVESTIGATION isest

DEPARTMENT OF THE AIR FORCE - SAMSO 8 r 1

- UNP NATIONAL 0.-
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SECTION 9.0

LABORATORY TEST RESULTS
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EXPLANATIONS OF LABORATORY TEST RESULTS

Laboratory test results are presented in this section. Table

9-1 contains a summery of laboratory test results. This table

contains results of sieve analysis; plasticity data; in-situ

dry unit weight, moisture content, degree of saturation, and

void ratio for drive and Pitcher samples; results of compaction

tests; and specific gravity of solids. Other tests such as

triaxial compression, unconfined compression, direct shear,

consolidation, chemical, and California Bearing Ratio (CBR) are

indicated on the table. Tables 9-2 through 9-6 and Figures 9-1

through 9-2 present results of triaxial compression, unconfined

compression, direct shear, chemical, and CBR tests.

All tests were performed in general accordance with the

American Society for Testing and Materials (ASTM) procedures.

The following table presents the ASTM designations for the

tests performed during the investigation.

Type of Test ASTM Designations

Particle Size Analysis D 422-63
Liquid Limit D 423-66
Plastic Limit D 424-59
Unit Weight D 2937-71
Moisture Content D 2216-71
Compaction D 1557-70
Specific Gravity of Solids D 854-58
Triaxial D 2850-70
Unconfined Compression D 2166-66
Direct Shear D 3080-72
Consolidation D 2435-70
Test for Alkalinity (pH) D 1067-70
Water Soluble Sodium D 1428-64
Water Soluble Chloride D 512-67
Water Soluble Sulphate D 516-68
Water Soluble Calcium D 511-72
Calcium Carbonate D 1126-67
California Bearing Ratio (CBR) D 1883-73

T SaoNATINAL. 
IND.
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Explanation for the tables and figures presented in this section

are as follows.

A. Activity Number - Boring, trench, test pit, or surficial

sample designation.

B. Sample Number - Prefix indicates the type of sample; expla-

nation is at the bottom of the table.

C. Sample Interval - This is the depth range measured from

ground surface over which the sample was obtained.

D. Percent Finer by Weight - Presents the results of laboratory

particle size analysis (ASTM D 422-63) performed on repre-

sentative soil samples at the depth indicated. The numbers

represent the percent (by dry weight) of the total sample

weight passing through each sieve size indicated.

E. Atterberg Limits (ASTM D 423-66 and D 424-59)

LL - Liquid Limit, the water content (as percent of soil dry
weight) corresponding to the arbitrary limit between
the liquid and plastic states of consistency of a soil
(ASTM D 423-66).

PL - Plastic Limit, the water content corresponding to an
arbitrary limit between the plastic and the semisolid
state of consistency of a soil (ASTM D 424-59).

PI - Plasticity Index, numerical difference between the
liquid limit (LL) and the plastic limit (PL) indicating
the range of moisture content within which a soil-water
mixture is plastic.

NP - Nonplastic.

F. USCS - Unified Soil Classification Symbols are given here;

see Table 6.1 in Section 6.0, "Boring Logs", for complete

details of USCS system.

lN" NA- TIaNAL. INS.
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G. In Situ - Presents results of tests on drive and Pitcher

samples.

Dry Unit Weight - indicates dry unit weight of soil deter-
mined as per ASTM D 2937-71

Moisture Content - weight of water reported in percent of
dry weight of soil sample (ASTM D 2216-
71)

Saturation - the degree of saturation in a soil sample
is defined as the ratio (in percent) of
the volume of water to the volume of all
voids in the soil

Void Ratio - the numerical ratio of the volume of
voids to the volume of solids in a soil
specimen

H. Compacted - Indicates results of laboratory maximum dry

density and optimum moisture content test as per ASTM

D 1557-70.

I. Specific Gravity of Solids (ASTM D 854-58) - Indicates the

ratio of (1) the weight in air of a given volume of soil

solids at a stated temperature, to (2) the weight in air of

an equal volume of distilled water at a stated temperature.

J. Triaxial - The triaxial compression tests were performed in

accordance with the procedures of ASTM D 2850-70. The

following explanations and definitions apply.

Triaxial Compression Test - a cylindrical specimen of soil
is surrounded by a fluid in a pressure chamber and sub-
jected to an isotropic pressure. An additional compressive
load is then applied, directed along the axis of the speci-
men called the axial load.

Consolidated-Drained (CD) Test - a triaxial compression
test in which the soil was first consolidated under an all-
around confining stress (test chamber pressure) , and was
then compressed (and hence sheared) by increasing the
vertical stress. Drained indicates that excess pore water
pressure generated by strains are permitted to dissipate by
the free movement of pore water during consolidation and
compression.

. NATOuAL., INC.
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Consolidated-Undrained (CU) Test - a triaxial compression

i test in which essentially complete consolidation under the
confining (chamber) pressure is followed by a shear test at
constant water content.

Confining Pressu'e ( 03) - the isotropic chamber pressure
applied to the soil specimen during consolidation and
compression.

Maximum Deviator Stress (01-03) - the difference between
the major and minor principal stresses in the specimen at
failure. The major principal stress on the specimen is
equal to the unit axial load plus the chamber pressure and
the minor principal stress on the specimen is equal to the
chamber pressure.

Strain Rate - axial strain, c , at a given stress level is
defined as the ratio of the change in length (AL) of the
specimen to the original length of the specimen (Lo). The
rate of strain was controlled during the test so that this
ratio increased at equal increments for each minute of
testing.

Back Pressure - pressure in excess of atmospheric applied
to the pore water of a soil sample. Back pressure is usu-
ally applied to (1) increase saturation of the sample, or
(2) simulate the actual in-situ pressure regime.

K. Unconfined Compression - Test procedures were as described

in ASTM D 2166-66. Unconfined compressive strength is

defined as the l.aJ per unit area at which an unconfined

prismatic or cylindrical specimen of soil will fail in a

simple compression test. In these methods, unconfined com-

pressive strength is taken as the maximum load attained per

unit area or the load per unit area at 20 percent axial

strain, whichever occurred first during the performance of

a test.

L. Direct Shear - The procedures of ASTM D 3080-72 were fol-

lowed for direct shear testing. In this test, soil under an

applied normal load is stressed to failure by moving one

section of the soil container (shear box) relative to the

Sn.. .. ATIONAL, ONO.
ON
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!
other section. Normal stress is the value of load per unit

I area acting perpendicular to the plane of shearing. Maximum

shear strength is defined as the maximum resistance (ksf) of

a soil to shearing (tangential) stresses.

M. Consolidation (ASTM D 2435-70) - A consolidation test is a

test in which a cylindrical soil specimen is laterally con-

j fined in a ring and compressed between porous plates. The

term "consolidation", as used here, indicates the gradual

reduction in volume of the soil mass resulting from an

increase in compressive stress (axial load per unit area).

N. Chemical - The chemical tests performed on soil samples

included: pH; water soluble sodium, chloride, sulphate,

calcium; and calcium carbonate content. pH is an index of

the acidity or alkalinity of a soil in terms of the loga-

rithm of the reciprocal of the hydrogen ion concentration.

ASTM test procedure designations for these chemical tests

are included in the table at the beginning of the "Explana-

tion of Laboratory Test Results".

0. CBR - California Bearing Ratio (CBR) is the ratio (in per-

cent) of the resistance to penetration developed by a sub-

grade soil to that developed by a standard crushed-rock

base material. The procedures for conducting a CBR test

were as outlined in ASTM D 1883-73. The materials tested

for CBR were also analyzed for particle size distribution

(ASTM D 422-63) and compaction characteristics (ASTM D

1557-70). The term "percentage of maximum density" indi-

cates the ratio (as a percentage) of the compacted sample

I1 US NMTIUS. IN.
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dry unit weight to maximum dry density obtained in the

3 laboratory from ASTM D 1557-70, "Moisture-Density Relations

of Soils Using 10-pound (4.5 kg) Hammer and 18-inch (457 mm)

I Drop."
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PERCENT FINER BY WEIGHT

SAMPLE INTERVAL STANDARD SIEVE OPENING U S STANDARD Si
an- =- .

-- " aBLDRST COBBLES GRAVEL SAND

FEET METERS 24" 12" 6" 3" " 3,4" 3/8" 4 10 40
LP-B-1 P-1 0-1.0 o.00-0.30 _

_ _ P-2 3.0-3.9 (91-1. 19
P-3 6.0-7.0 1.83-2.13 100 94 90 86 72
P-4 12.0-12.9 3.66-3.93 100 96 93 90]80 1P-5 15.5-16.6 4.72-5.06
P-6 -20.8 6. 10-6. 34 _ 100 95
P-7 25.0-25.1 7.62-7.65 I

P-8 30.6-31.3 9.33-9.54 _ 100 97

I_____P-9 40.0-40.7 12.19-12.41 ____

_ P-10 50.0-51.1 15.24-15.58 100 99 195 94 72
P-I 60.0-60.6 18.29-18.47i 100 91
P-12 70.0-70.8 21.34-21.583 P-13 80.0-80.8 24.38-24.63 I_1_!
P-14 95.0-95.8 28.96-29.20

P-15 110.0-110.6 33.53-33.71 100 97

P-16 125.0-125.9 38.10-38.37 i [

P-17 140.6-141.2 42.85-43.04 1 • _

D-18 160.0-161.0 48.77-49.07 _ _

LP-B-2 P-1 0.0-0.3 0.00-0.09 I

P-2 3.8-4.7 1.16-1.43 100 98 98 98 93
P-3 6.5-7.3 1.98-2.23

j P-4 10.9-11.8 3.32-3.60 _

P-5 15.0-15.8 4.57-4.82 100 95 84
P-6 20.0-20.3 6.10-6.19 I 1 I
D-7 25.2-25.9 7.68-7.89 100 99 97 95 79

D D-8 30.2-30.9 9.20-9.42
"D-9 40.0-40.5 12.19-12.34

D D-10 50.1-50.8 15.27-15.48 100 99 97 56
D-11 59.2-53.9 18.04-18.26

D-12 70.2-70.9 21.40-21.61
__ D-13 80.2-80.9 24.44-24.66 100 99 61

D-14 90.1-90.6 27.46-27.61
P-15 100.0-100.9 30.48-30.75

P-16 120.3-121.0 36.67-36.88 100

P-17 140.0-140.9 42.67-42.95

D-18 160.2-160.9 48.83-49.04 100 99 99 79

LP-B-3 P-1 0.0-0.9 0.00-0.27 - -

P-2 2.8-3.2 0.85-0.98 100 98 93
I ___D-3 6.2-6.9 1.89-2.10 - -

D-4 10.2-10.9 3.11-3.32 100 97 84 7_1 54 34

P-5 15.0-15.9 4.57-4.85 - ] _.

NOTES:

(a) Sample types (c) USCS - Unified Soil Classification System

SS - Standard split spoon
P - Pitcher (d) * Indicates that test has been performed
0 - Fugro Drive and results are included in this report

I,b - Bulk
(b) NP - Not Plastic

10 AUG 79



SP-SM 108.2 1733
SP-SM 100.0 1602
SM 107.4 1721
SP 107.3 1719
SP 101.1 1620
SP 101.5 1626
SP 104.6 1676

SP-SM 105.0 1682
SP 111.7 1789
Sr 105.1 1684
SP 103.8 1663
SP 101.2 1621
SP 97.6 1563

SP 99.2 1589
SP-SM 96.2 1541

SF 103.3 1655

SF 101.5 1626
SP 101.2 1621

SM 97.1 1556

SM 102.8 1647

SM 94.4 1512
sM 98.9 1584
SM 97.1 1556

SM 103.2 1653
SP 112.4 1801
SP 110.9 1777
SP 104.2 1669

SP 113.9 1825
SF 109.1 1748



I NITU COMPACTED --

ERG ( J

(b) USCS -;
(c WEGT ;t- , DRY DENSITY Z;-~ =3 Cw

- 0- -2 Z" w =a CPI(PCf) 3k) m3)E c
'

) cm (p3f (I.-)
=  

0,.

SP-SM 108.2 1733 2.1 10.2 0.56
SP-SM 100.0 1602 5.8 22.9 0.69 * *
sM 107.4 1721 8.5 40.4 0.57- s- V 107. 3 1719 3.7 17.5 0.57 ..

] - SP 101.1 1620 14.1 57.1 0.61

SP 101.5 1626 4.5 18.4 0.661
sP 104.6 1676 7.8 34.5 0.61 _

S -SM -105.0 1682 4.1 18.3 0.60

sP 111.7 1789 11.4 60.6 0.51
sP 105.1 1684 18.3 81.9 0.60

SP 103.8 1663 3.3 14.3 0.62
sp 101.2 1621 23.7 96.3 0.66 ... .
SP 97.6 1563 19.3 71.8 0.73
sP 99.2 1589 22.5 97.0 0.70

SP-SM 96.2 1541 23.6 84.8 0.75
SP 103.3 1655 19.5 83.4 0.63
SP 101.5 1626 22.3 91.2 0.661

SP 101.2 1621 17.8 72.3 0.661

SM 97.1 1556 2.1 7707

SM 102.8 1647 6.8 28.7 0.64
SM 94.4 1512 11.7 40.3 0.78
SM 98.9 1584 8.4 32.2 0.70 *

* SM 97.1 1556 7.5 27.5 0.74
SM 103.2 1653 6.7 28.6 0.63

Se 112.4 1801 5.4 29.2 0.50
SP 110.9 1777 5.7 29.6 0.521

Sp 104.2 1669 15.9 69.6 0.62
S SP 113.9 1825 12.3 69.3 0.48

| SP 109.1 1748 10.4 51.6 0.54
SP 110.8 1775 5.4 28.0 0.52 ___

___ SP-SM 108.1 1732 8.1 39.2 0.56
SP 106.4 1705 11.1 51.4 0.58
SP 107.2 1717 16.2 76.5 0.571
SM 108.9 1745 17.0 83.9 0.55 1I,
SP 98.2 1573 21.4 80.7 0.721

| SP-SM 113.9 1825 4.2 23.7 0.481

| CL-ML 94.5 1514 7.9 27.2 0.78
CL-ML 96.1 1540 4.3 15.4 0.75 *

___ SM 125.1 2004 5.0 38.9 0.35
___ SM 127.2 2038 4.4 36.6 0.321
___ SF-SM 106.0 1698 8.8 40.3 0.59-

SUMMARY OF LABORATORY TEST RESULTS
VERIFICATION SITE. LA POSA COP, ARIZONA

MX SITING INVESTIGATION TABLE

DEPARTMENT OF THE AIR FORCE SAMSO 0 r
E OO NATIONAL. I**.
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cc PERCENT FINER BY WEIGHT
3.-

-t z SAMPLE INTERVAL STANDARD SIEVE OPENING U S STANDAU

_ _ _ _ BLDRS. COBBLES GRAVEL SAND
"2 = FEET METERS 24" 12" 6" 3" !yV 3,4" 3,8 4 i1 40

D-6 20.2-20.9 6.16-6.37 i 00 98 92
_ _ P-7 25.0-25.9 7.62-7.89 __

P-8 30.0-31.1 9.14-9.48 __ _O,

P-9 40.0-40.3 12.19-12.28
P-10 48.0-49.0 14.63-14.94 100 9
P-11 60.8-61.6 18.53-18.78

P-12 71.1-72.0 21.67-21.95 1
P-13 80.0-80.9 24.38-24.66 100 96

_ _ P-14 90.8-91.6 27.68-27.92
_ P-15 104.0-104.4 31.70-31.82

P-16 120.2-121.0 36.58-36.88 10
P-17 140.0-140.9 42.67-42.95 ..... 100 99
D-18 160.2-160.9 48.83-49.04 -9

LP-B-4 D-1 1.2-1.9 0.37-0.53
D-2 3.1-3.7 C.94-1.13 100 87 75 62 50 39
D-3 6.0-6.3 1.83-1.92 100 75 62 49 40 31 17
D-4 10.0-10.4 3.05-3.17 _ 1
D-5 15.2-15.9 4.63-4.85 100 90 84 60 35 18
D-6 20.0-20.7 6.10-6.31 100 87 63 45 26

D-8 30.5-30.9 9.30-9.42

0-9 45.0-45.3 13.72-13.81 __ ____

D____ -10 60.0-60.7 18.29-18.50 __ ____100 74 60 51 40 22
_ _ D-11 75.0-75.7 22.86-23.07 _

D-12 90.2-9C.7 27.49-27.05 -

D-13 100.1-100.8 100 99 94
D-14 115.2-115.9 35.11-35.33 lou 98 94 86

_- D-15 130.0-130.6 39.62-39.81 900
_____D-16 145.2-145.9 44.26-44.47

F__ D-17 160.2-160.9 48.83-49.04 1 100 _94_

LP-B-5 D-1 0.2-0.9 0.06-0.27 _ _ • _

D-2 2.0-2.8 0.61-0.85 100 93 82 65 48 35

D-3 6.2-6.9 1.89-2.10 _ _

D-4 10.2-10.9 3.11-3.32 100 99 98 97 91
D-5 15.-1-5.9 4.63-4.85

P-6 20. -21.1 b.10-6.43 1 100 89
D-7 25.2-25.9 7.68-7.8,j __

2 P-8 30.0-31.1 9.14-9.48 I [
P-9 40.0-40.9 12.19-12.47 100 93 77
D-10 50.2-50.9 15.30-15.51 - -

D-11 60.2-60.9 18.35-18.56 - -

MOE: D-12 70.2-70.9 21.40-21.61 100 98 I 79
.= NOTES:

(a) Sample types (c) USCS - Unified Soil Classification System

SS - Standard split spoon
P - Pitcher (d) * Indicates that test has been performed
0 - Fugro Drive and results are included in this report

B,b - Bulk

(b) NP - Not Plastic

10 AUG 79
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98 92 35 11 __ ___ __SP-SM 108.9 1745 3.7 18.2 0.55 ___ __ __ __

SM 95.0 1522 13.2 46.1 0.77

100 58 13 SM 101.8 1631 10.5 43.2 0.66
SM 102.7 1645 9.1 38.4 0.64 _

100 95 22 3 SP 108.0 1730 8.4 40.5 0.56
SP 108.0 1730 16.6 80.0 0.56

100 98 97 79 30 79 21 58 CH 91.4 1464 33.3 100.00.84
100 96 41 4 SP 101.8 ifI1 12.7 52.4 0.66

CH 91.0 1458 31.4 99.6 0.85
SP-SM 99.9 1600 11.1 43.7 0.69

100 63 12 SP-SM 103.0 1650 18.6 79.0 0.64
100 99 79 36 SM 121.7 1950 3.5 24.6 0.38

SM _ 112.0 1794 8.8 47.1 0.50

SM 101.3 1623 3.1 12.6 0.66
50 39 31 27 GC 91.3 1463 3.b 11.5 0.841

31 17 10 8 GW-GC 14.2

I GC 121.7 1950 9.2 64.6 0.38
35 18 12 9 SP-SM 116.7 1870 7.9 48.1 0.44

45 26 17 14 63 31 32 Sc 109.7 1757 10.9 54.9 0.54

GP-GM 119.1 1908 11.8 76.8 0.41
GP-iM 118.0 1890 16.6 100.010.43

40 22 14 11 GW-GM 123.0 1970 10.2 74.5 0.37
GP-GM 126.6 2028 9.5 77.5 0.33

SP-SM 117.7 1886 7.2 45.1 0.43

99 94 33 9 SP-SM 108.8 1743 8.2 40.4 0.55
94 86 22 7 SP-SM 115.4 1849 6.7 39.3 0.46

100 99 22 8 SP-SM 109.1 1748 6.2 30.8 0.54

1 SP-SM 112.1 1796 6.3 33.8 0.50
100 94 34 6 SP-SM 113.3 1815 6.5 36.0 0.49

SM 101.0 1618 5.4 21.8 0.671
48 35 22 18 SM 4.9

SP-SM 113.7 1821 5.8 32.5 0.48
97 91 30 7 SP-SM 104.1 1668 2.0 8.7 0.62

SP 105.4 3689 2.2 9.9 0.60
100 89 7 3 sil 100.1 1604 9.1 36.0 0.68

SI' 111.2 1781 3.5 18.3 0.52
si' 100.7 1613 7.8 31.3 0.67

93 77 8 3 SP 102.8 1647 17.7 74.8 0.64
SP 109.8 1759 7.7 38.9 0.53
sp 108.9 1745 10.6 52.3 0.55

98 79 #, 5: 4SP-SM 112.0 1794 1.4 7.5 0.501



IN-SITU COMPACTED cm
R SS DRY UNIT .- MAXIMUM ,,UJ - - " -

(b) USCS = m c.-
(c) WEIGHT I l DRY DENSITY __'Z. -- Z Z"

(pci) I(k(/
3) (k . 3

SP-SM 108.9 1745 3.7 18.2 0.55

SM 95.0 1522 13.2 46.1 0.77
SM 101.8 1631 10.5 43.2 0.66

SM 102.7 1645 9.1 38.4 0.64

SP 108.0 1730 8.4 40.5 .56 1
SP 108.0 1730 16.6 80.0 0.56

58 CH 91.4 1464 33.3 100.00.84
Sp 101.8 1631 12.7 52.4 0.66

CH 91.0 1458 31.4 99.6 0.85

= SP-SM 99.9 1600 11.1 43.7 0.69
SP-SM 103.0 1650 18.6 79.0 0.641
SM 121.7 1950 3.5 24.6 0.38 ...
SM 112.0 1794 8.8 47.1 0.50

sM 101.3 1623 3.1 12.6 0.66 __ ......

GC 91.3 1463 3.b 11.5 0.84
_ I W-;c 14.2 -

GC 121.7 1950 9.2 64.6 0.38
SP-SM 116.7 1870 7.9 48.1 0.44

32 sc 109.7 1757 10.9 54.9 0.54

___GP-GM 119.1 1908 11.8 76.8 0.41

_ GP-GM 118.0 1890 16.6 100.00.43 ....

IW-GM 123.0 1970 10.2 74.5 0.37

GP-GM 126.6 2028 9.5 77.5 0.33

SP-SM 117.7 1886 7.2 45.1 0.43

_ i SP-SM 108.8 1743 8.2 40.4 0.55

_ I SP-SM 115.4 1849 6.7 39.3 0.46 _

__ SP-SM 109.1 1748 6.2 30.8 0.54
sp-sM 112.1 1796 b.3 33.8 0.50

* SP-SM 113.3 11815 6.5 36.0 0.49

S SM 101.0 1i18 5.4 21.8 0.671

.s__ 1 4.9 . . . .

I ! SP-SM 113.7 1821 5.8 32.5 0.48 *

_ SP-SM 104.1 1668 2.0 8.7 0.62

S1 105.4 16'89 2.2 9.9 0.60
I S1 1P00. 1 104 9.1 36.0 0.8o, _ _____ __ - - __

I si, 1f.2 1781 3.5 18.3 0.52
sr 100.7 1613 7.8 31.3 0.67

S! 102.8 1647 17.7 74.8 0.64

- S' |109.8 1759 7.7 38.9 0.53

1 sp 108.9 1745 10.6 52.3 0.55
' s-sM 112.U 1794 1.4 7.5 0.50

SUMMARY OF LABORATORY TEST RESULTS
VERIFICATION SITE, LA POSA CDP. ARIZONA

MI SITING INVESTIGATION TAIL

DEPARTMENT OF THE AIR FORCE SAMSO 9-1l

MED NATIONAL, INC.
_ AFV-01

...... a . - . U,



FN-1U-26- t

- - PERCENT FINER BY |I£GgiT

U SAMPLE INTERVAL STANDARD SIEVE OPENING U S STANDARD

_---_ "_ _"_ BLDRS, COBBLES GRAVEL SAND
Z; FEET METERS 24 12 6" 3" 3/4" 3/8- 4 1I 40

LP-B-5 D-13 80.2-80.9 24.44-24.66 _

D-14 88.2-88.9 26.88-27.10

D-15 100.2-100.9 30.54-30.75 100 99 84
D-16 110.2-110.9 33.59-33.80
D-17 120.2-120.7 36.64-36.79

D-18 130.3-130.8 39.72-39.87 - 100 94

D-20 160.0-160.6 48.77-48.95 100 78 63 49 28

LP-B-6 D-1 0.2-0.9 0.06-0.27 100 95 83 67 56 42
D-3 4.2-4.9 1.28-1.49 100 89 72 51 20

D-4 6.2-6.9 1.89-2.10

D-5 10.3-10.9 3.14-3.32 100 83 64 48 37 20
D-6 15.1-15.6 4.60-4.75
D-8 25.2-25.7 7.68-7.83

D-9 30.2-30.6 9.20-9.33 100 87 73 57 41 25

D-10 40.1-40.6 12.22-12.37
D-11 50.0-50.4 15.24-15.36 100 94 78 63 49 31

D-12 60.0-60.3 18.29-18.38 100 81 65 50 38 26
D-13 70.0-70.7 21.34-21.55 1 100 87 69 5u 43 31
D-14 79.1-79.8 24.11-24.32 100 95 86 78 60
D-15 90.2-90.9 27.49-27.71 100 97 70 52 36
D-16 98.2-98.9 29.93-3.14 .100 97 93 87 69
D-17 110.0-110.9 33.53-33.80 -4

D-18 120.2-120.9 36.64-36.85 100 94 90 85 79 68

D-19 130.2-130.9 39.68-39.90
D-20 140.2-140.8 42.73-42.92 100 94 87 67

D-21 160.1-160.8 48.80-49.01

LP-T-1 B-i 0.5-2.0 0.15-0.61 100 99 92
B-2 11.0-12.0 3.35-3.66 100 93 83 6 45 34

LP-T-2 B-i 0.5-2.0 0.15-0.61 100 94 85 74 66 58

LP-T-3 B-i 0.5-2.0 0.15-0.61 100 94 86 74 63 56 50

IP-T-4 B-i 0.5-2.0 0.15-0.61 100 90 72 64 57 49

LP-T-5 B-i 0.5-2.0 0.15-0.61 _100 84 64 48 36 21

P-P-1 B-2 3.0-4.0 0.91-1.22 100 97 89 77 49

LP-P-2 B-i 0.5-2.0 0.15-0.61 -00 I 98

NOTES:
(a) Sample types (c) USCS - Unified Soil Classification System

SS - Standard split spoon

P - Pitcher (d) * Indicates that test has been performed
0 - Fugro Drive and results are included in this report

B,b - Bulk
(b) NP - Not Plastic

10 Ag 79 /
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IINER BY WEIGHT IN-SITU COMPACTE
S-PARTIC i U OMACE

U S STANDARD SIEVE E ATTERBERG DRY UNIT MAXIMUM__-._ __ _ LIMITS (b) USCS =-. -I

SAND SILT OR CLAY (c) WEIGHT 2 . DRY DENSITY L
4 10 40 100 200 .005 .001 LL Pl P (c k/m (pcPI i ,) (kg 3)

-S' 107.8 1727 14.8 71.0 0.56
[ [-sP 107.b 1724 1.9 9.1 0.57

100 99 84 7 4 -s 105.4 1689 12.40 __ ___
p 1 J- sP 110.6 1772 9.4 48.5 0.52

_1, ,_sp 99.4 1592 7.5 29.1 0.69

• ! 100 94 8 3 , p s 105.4 1689 20.2 91.1 0.60
a_ 63 49 28 7 5 S __. .P-SM 127.9 2049 7.1 60.4 0.32

3 67 56 42 31 24 __SM 97.9 1568 5.3 19.8 0.72

72 51 20 7 4 sw 119.8 1919 b.3 41.9 0.41
__SW 116.0 1858 8.9 53.1-0.45

4_ 48 37 20 9 6 _ GP-GM 128.5 2059 5 .6 54.6 0.28
GM 122.3 1959 5.0 35.8 0.38

GM 120.6 1932 4.9 33.3 0.40
57 41 25 18 16 G- 130.3 2087 7-.2 6-

SM 131.4 2105 6.3 60.3 0.281
3 63 49 31 18 13 SM 112.7 1805 11.9 64.9 0.49 1
5 50 38 26 16 12 GW-GM 129.6 2076 9.6 86.4 .30
9 56 43 31 22 18 GM 125.8 2015 7.6 60.5 0.34

86 78 60 44 37 SM 108.5 1738 14.7 71.8 0.55
7 70 52 36 22 15 SM 118.8 1905 9.4 60.7 0.42____
7 f 93 87 69 43 29 SM 110.4 1 768 11.1 57.0 0.53

i_1 1I sM 110.6 1772 10.1 52.1 0.521
85 79 68 48 37 1_SM 113.0 1810 9.1 50.0 0.49

__[I sM 122.6 1964 9.4 67.8"0.3760 94 |87 67 37 24 SM 116.4 1865 11.0 66.40.45

t I SM 127.3 2039 6.6 55.1 0.32

100 99 92 25 10 sP-sM_ 117.5 1882 8.2 2
33 62 45 34 10 7 _ sP-sM _ _ _ _ -__

7Z~4 66 58~ 31 23 - - - SM _________ 131.0 2098 8.0

63 56 50 28 19 SM 128.0 2050 9.5

64 57 49 37 29 24 19 5 GM-GC "

| 48 36 21 13 10 GW-GM - " _

89 77 49 10 7 sP-sM "I
100 98 13 2 __Sp 

___ __ __ ____

9 -



I N-S I TU COMPACTED .l
USS DRY UNIT 2, AIU ~ ~ ~ -.IN) uses t_ t j_ c..- L= -

WEIGHT ''_'- '2 DRY DENSITY k C.3 = --

., (pcf) (kg/rn 3 ) c€..7 .1c (pcf) (kg,m 3 ) : , . '

SP 107.8 1727 14.8 71.0 0.56
SP 107.( 1724 1.9 9.1 0.57
SP 105.4 1689 12.4 55.9 0.60
SP 110.6 1772 9.4 48.5 0.52
SP ! 99.4 1592 7.5 29.10.69
SP 105.4 1689 20.2 91.1 0.60

SP-SM 127.9 2049 7.1 60.4 0.32

SM 97.9 1568 5.3 19.8 0.72 -
SW 119.8 1919 6.3 41.9-0.41
SW 116.0 1858 8.9 53.1 0.45

GP-GM 128.5 2059 5.6 54.6 0.28 2.63
GM 122.3 1959 5.0 35.8 0.38
GM 120.6 1932 4.9 33.3 0.401
GM 130.3 2087 7.2 66.3 0.29
SM 131.4 2105 6.3 60.3 0.28
SM 112.7 1805 11.9 64.9 0.49

GW-GM 129.6 2076 9.6 86.4 .30
GM 125.8 2015 7.6 60.5 0.34
SM 108.5 1738 14.7 71.8 0.55
SM 118.8 1905 9.4 60.7 0.42 *

SM 110.4 17b8 11.1 57.0 0.53
SM 110.6 1772 10.1 52.1 0.52
SM 113.0 1810 9.1 50.0 0.49
SM 122.6 1964 9.4 67.8 0.37
SM 116.4 1865 11.0 66.4 0.45
sM 127.3 2039 6.6 55.1 0.32

| SP-SM 117.5 1882 8.2 2.64 *

sP-sM

SM 131.0 2098 8.0

SM 128.0 2050 9.5 *

5 GM-C

! sp-sm

SPS

SUMARY OF LABORATORY TEST RESULTS
VERIFICATION SITE, LA POSA COP, ARIZONA

mX SITING INVESTIGATION TASLE

DEPARTMENT OF THE AIR FORCE SAMSO 3 or 4

seaT

A V-5



FN-TR-28- I

PERCENT FINER By WEIGHT

t: SAMPLE INTERVAL STANDARD SIEVE OPENING U S STANDARD SI

_____--- BLORS. COBBLES GRAVEL SAND
FEET METERS 24" 12" 6" 3 1" 3/4" 3/" 4 o 40

LP-P-7 b-i 0.5-2.0 0.15-0.61 157 99 9

LP-P-9 b-I 0.25-2.0 0.08-0.61 1 100 86 80 i75 68

LP-P-11 B-i 0.5-2.0 0.15-0.61 1 -00 97 95 87

LP-P-14 B-1 0.1-2.0 0.03-0.61 - 100 85 66 54 41 15

LP-P-15 B-I 0.25-2.0 0.08-0.61 , 100 99 96 90

L.P-P-19 B-i 0.25-1.5 0.08-0.46 100 76 66 57 52 44

LP-P-21 B-1 0.25-2.0 0.08-0.61 100 92 78 59 42 18 !

LP-P-24 b-1 0.25-1.5 0.08-0.46 100 85 74 67 59 42

LP-P-27 b-I 0.5-2.0 0.15-0.61 -106 ] 84 54 37 27 19

LP-P-28 b-1 0.25-1.0 0.08-0.30 100 91 66 4 48 40

LP-CS-1 B-i 0.25-2.0 0.08-0.61 100 92

LP-CS- 14 B-I 0.25-2.0 0.08-0.61 1 100 96 86 76 65

LP-CS-21 b-1 0.5-2.0 0.15-0.61 - 100 97 94 92 83 1

LP-CS-29 b-1 0.25-2.0 0.08-0.61 100 97 97 96 88 _

LP-CS-32 B-I 0.25-2.0 0.08-0.61 100 78 58 48 40 31

LP-CS-38 B-1 0.25-2.0 0.08-0.61 100 95 85 177 70

LP-CS-47 B-I 0.25-2.0 0.08-0.61 - 100 98 90 81 68 59 49 _

LP-CS-57 b-i 0.25-1.0 0.08-0.30 100 91 74 64 58 49

LP-CS-62 b-i 0.25-1.5 0.08-0.46 100 98 91 85 76 57

NOTES:

(a) Sample types (c) USCS - Unified Soil Classification System

SS - Standard split spoon

P - Pitcher (d) Indicates that test has been performed

0 - Fugro Drive and results are included in this report

B,b - Bulk

(b) NP - Not Plastic

10 AUG 79



I(pc) (k/ )IN Z5 I (pcf) (kg,'. 3 C cm

SM

SP

CL-ML

GC 127.3 2039 10.4

SP

SM___

GP-GM 2.68

GM

SM 120.6 1932 9.0

SC-SM 133.0 2130 8.0

SM_

SP-SM

GP-GM

CL 2.70

SM 122.5 1962 12.5

GM

SM



IN-SITU COMPACTED E

(b) USCS DRY UNIT m N MAXIMUM .e. Z

(c) WEIGHT -c L DRY DENSITY Z; r.a

[m IA. sLa -

( Sg - - - - - I. -

5 2 sm ..SM

9 11 _ ... - 127.3 2039 10.4 *

____ _ __ __ ____ 2.68 __

7 3 M __ _ _ ___ _ _

- i -, 1

,- STNG IE IAIN -

5 4 s c -, 3 3 . 0 -Y I -_,3 0 .{

- i

GP-GM

9 !2 C]1 - ' 2.70

5 9 -Sm 122.5 1962 12.5 i
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FN-T-28-I

BORING SAMPLE SAMPLE INTERVAL SOIL NORMAL STRESS MAXIMUM
.... _ _ SHEAR STRENGTH

NO. NO. FEET METERS TYPE ksf kN/m 2  ksf kN/m 2

LP-B-I P-2 3 0-39 0.91-1.19 SP-SM 1.0 48 1 3 62
2.0 96 2 I 101

3.0 144 2.3 110

LP-B-1 P-7 25.0-25.7 7.12-783 SP 2.5 120 2.3 110
5.0 239 4.6 220

7.-5 359 5.7 273

LP-B-3 P-5 15.0-16.7 4.57-5 09 SP-SM 1.5 72 1.5 72

3.0 144 2.8 134

4.0 192 3.9 182

LP-8-3 P-11 60.8-61.6 18.53-18.78 SP 6.0 287 3.5 163

9.0 431 6.1 292

12.0 575 7.9 378

LP.-B-5 0-3 6.2-6.9 1.89-2.10 SP-SM 1.0 48 1.2 57

2.0 96 1.8 86

3.0 144 2.7 129

LP-8-5 0-13 802-80.9 2444-24.66 SP 8.0 383 6.2 297
10.0 479 8 2 393

12. 0 575 9.4 450

SUMMARY OF DIRECT SREAR TEST RESULTS
VERIFICATION SITE, LA POSA COP, ARIZONA

Yy SITING INVESTIG ATION TABLE

nEPATMENT OF THE AIR FORCE SAMSL 9-4

1_ _" IUmno NATIONALI END.
10 AUG 79 AFV-1 I
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"N-TU-?S- t

GRAVEL ! SAND SILT ON CLAY

COARSE I FINE COARSEi MEDIUM I FINE

STANDARD SIEVE OPENING l  US STANDARD SIEVE NUMBER HYDROMETER
3. 1%" 3, 4 3 8" 4 10 20 40 60 100 200

100 - - - . .

70-I
\ '.

50- -.. .-----. .

.... '4....

.. ... z. . .- . . . .

"o ..- , .. . . . ..,,. 4...... ".. "

50.0 10.0 5.0 1 0O 0.5 0.1 .05 .0f .005 .001

* GRAIN SIZE IN MILLIMETER

COUIPOSITE ACTIVITY SAMPLE INTERVAL SOIL
SYMBDOL SAMIPLE

NUMBER NUMBIER FEET METERS TYPE

- A LP-T 1 T 05-2 O .506 P SN

-'---- B LP20.-2.0 0.06 S-

-- C LPP19 0.5- 5 0.09-0.46 GC

m ... D LP CS 14 0.5-. 008-0.61 SC-SN

2

GRAIN SIZE CURVE,& CUR TESTS
VERIFICATION SITE, LA POSA COP, ARIZONA

MX SITING INVESHGI( 1ON 1 ;~m

' PAIPTMFT 01: 7'E AIR FORCJ SAM s 9-

400!

.0 AUG .9 AF- 12

GRAIN SIZE IN MILMETER

-""~ ~ ~ ~ ~ ~ ~ CMPST ACTIVIT SAPL INTERVAL... SOIL ............... J...*e ,,qr....



1FN 1T1-28- I

GRAVEL SAND SL RCA
COARSE I FINE ICOARSj MEOIUM L FINE

CSTANDAR SIEVE OPENING US STANDARD SIEVE NUMBER HYDROMETER

0 3 0" 3/4' 3, 8' 4 10 20 40 60 100 200

T.. . .

90 .

.I: + 10,, .. .. .

LhAl

~1 ,o -.- N- q

ma: i . +. . ... . .

U..i !+. ..... .
........

30 - -7 -

7l

'm.3.. .. .. .o .. . . .

zoI.-

50.0 10.0 5.0o I.0 0.5 0.1 0 .0.00 .001
GRAIN SIZE IN MILLIMETER

COMPOSITE ACTIVITY SAMPLE INTERVAL SOIL
STYMOL SAMPLE ,,

NUMBER NUNIER FEET METERS TYPE

- LP-CS- 0.25-2.0 - SM

--- F LP-CS-47 0 25 2.0 O 08-0 61 SM

G LP-T-3 0.5-2.0 0.15-0. SM

GRAIN SIZE CURVES, COBR TESTS

VERIFICATION SITE, LA POSA COP, ARIZONA

01l SIT'ING INVESTIG'ATION flGUl I

nFpAPIMEN! 0OF IMF Alpf FORCI AIIsu 9 -1

- m D NATIRHM L" . IN C,.,

'0 AUG 79 AFV-2

+ + " - - . ........ lll n .. . . . . .... . . . . _ .j + . p 4,l]l ]l .+ .,
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CALIFORNIA BEARING RATIO (CBR) TEST RESULTS
VERIFICATION SITE, LA POSA COP, ARIZONA

V1 W I Nt. INVF S i GA I ON AL

OEPARTWN1 0& '94t Al' FDpcF SAWSL 9-6
2 Or 2

ID AUG ONO NATIONAL, AFY

10 AU 79 FV 1
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f 100

95 - - +

- 90 - -----.. . . . ...-

go-

85- -

80
0 20 40 60 80 100

a CBR (S)

COMPOSITE
SYMBOL SAMPLE SOIL

NUMBER TYPE
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